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INTRODUC T I 0 H.
Woody tissue contains carbohydrates, lignin, organic
extractives, and inorganic salts. Of these, the carbohydrate
material is the principal constituent, being present in the
amount of 70-80.... Lignin comes next in quantity (about 25%).
The extraneous components of wood differ very widely in type
and in amount. Some tropical woods may contain nearly
while others (like yellow birch) may contain only 2-L' of
total extractives.
The fundamental skeletal substance of the cell consists
mainly of a-celluiose, but the cell wall is made up also from
other carbohydrates. Except for cotton which is almost pure
cellulose, the long cellulose bundles in plant-cells are
embedded in an amorphous mass of lignin and polysaccharide
material (1a).
Before the carbohydrates in wood can be investigated,
interfering substances have to be removed. The lipids and
other extractives are usually removed with hot alcohol and
ether. Lignin is made water soluble after mild treatment
with chlorine or sodium chlorite. Of the original wood remains
now only the so-called holocellulose which is treated with
aqueous alkali. The alkali leaves the insoluble a-cellulose
and dissolves a mixture of several polysaccharides. These
alkali soluble materials are called hemicelluloses, because
they once were presumed to "be related to cellulose.
The polysaccharides in hemicelluloses consist of many
different sugar residues. Some of them give strength and
rigidity to the cell walls, while others appear to "be concerned
with metabolic processes.
The exact nature of the hemicelluloses is not yet known.
Their complexity makes it difficult to separate them into
individual polysaccharides. A wide variety of different
molecular sizes and molecular shapes are represented, and each
molecular type may occur in different degrees of polymerization.
Sugars most common among the hydrolytic products are D-glucose,
D-galactose, D-mannose, D-xylose, L-arabinose, L-rhamnose, and
the glycuronic acids D-glucuronic acid, h-0-methyl-D-
glucuronic acid, and possibly D-galacturonic acid.
D-Xylose is the sugar most frequently present in hemi¬
celluloses. Xylans are found in all lignified plant tissues
and form a considerable part of the dry weight of all woods,
cereal straws, seed coats and similar material. Several
investigations have been carried out on xylans of different
origin.
One of the main difficulties has been to obtain a pure
xylan free from other polysaccharides, especially cellulose
and araban. Chanda, Hirst et al.(1) studied xylan from
Esparto grass (Stipa tenacissima) a n d by means of the
insoluble copper-complex xylan gives in alkaline copper-
solution, they managed after several precipitations to get a
pure xylan. After methylation and hydrolysis of the
methylated product they got 2:3-di-0-methyl-D-xylose (over
90%) and 2:3:l+-tri-0-methyl-D-xylose (2.5^)» together with
some 2-0-methyl-D-xylose. The following foraula (I) was
suggested for pure xylan from Esparto grass.





zj x + y + z = 80 approx.
x = xylopyranose unit.
I.
The arabinose-rich fraction of Esparto xylan was not
further investigated till after Perlin (2) had achieved some
interesting results in his work on a xylan from wheat-flour.
Perlin found that the arabinose content {37%) could not be
altered by fractionation. Mild hydrolysis, however, removed
arabinose completely, and left a true xylan. The methylated
araboxylan gave on hydrolysis equal amounts of 2s3:5-tri-0-
methyl-L-arabofuranose and 2:3-di-D-methyl-D-xylose, together
with 2-0-methyl-D-xylose and free D-xylose.
-4-
Wheat-flour xylan has a chain of xylopyranose residues,
similar to that of Esparto xylan, hut with numerous single
arahofuranose residues attached as sidechains (II).







When the arahinose-rich fraction of Esparto xylan was
examined (3) it appeared to have a structure similar to that
of wheat-flour xylan.
Though arahinose and galactose are widely distributed in
the higher plants, pure arahans and two true galactans have
so far only heen obtained from pectic substances.
Hirst and Jones studied several arabans of which the
araban isolated from the peanut (Arachis Hypogea) (24) will be
mentioned. The ease of hydrolysis indicated that the
polysaccharide was built up of L-arabofuranose residues. The
methylated product had a specific optical rotation [a]2° - 180°,
and yielded on methanolysis equal molar quantities of methyl
2:3:5-tri-0-methyl-L-arabofuranoside, methyl 2:3-di-0-methyl-
-L-arabinoside and methyl 2-<3-methyl-L-arabinoside. After
these results and the rotational data that showed the li¬
arabofuranoside links to have the a-configuration, the possible
structure is as shown (III).
III.
A galactan from the seeds of Strychnos nux-voxnica has been
studied by Andrews, Hough and Jones (ha). The polysaccharide
had an optical rotation [ajj) + 69°. Methylation and periodate
studies revealed that its structure consisted of chains of
j3-D-galactopyranose units, the majority being linked through
C1 and Ch, but probably with a small number of branching points
— 6 —
arising from units linked through C1, C3 and C6.
Another galactan has "been obtained reasonably pure from
the seeds of Lupinus alhus (5)* A galactan has also "been
reported to he present in spruce wood (6), hut no methylation
or other structural studies were carried out.
In admixture with the galactan from Lupinus alhus (5)
was arahan which was removed hy extraction with 70%, alcohol.
The galactan, which still contained some arahan, was
methylated and the methylarahan separated from the methylated
galactan hy extraction of the former from the mixture with
ether.
The ether-insoluble material had a specific optical
OA
rotation [a]-^ - 12° i*1 methanol, which is an indication that
the sugar residues are joined together hy 3-linkages. The
methylated product was resistant to hydrolysis, the rate of
which corresponded to that of a typical galactopyranoside.
On methanolysis it yielded methyl 2:3:6-tri-0-inethyl-D-
galactoside and small amounts of methyl 2:3:i+:6-tetra-0-methyl-
D-galactoside. It was suggested to contain a straight chain
of galactopyranose units (IV).
IV.
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Fractionation studies of the methylated galactan showed,
however, that extraction with ether had not removed arahan
completely. The methylated galactan (12 g.), after ether
extraction, was dissolved in chloroform and fractionated "by
the portion-wise addition of light petroleum. The main
fraction (8.1 g.) gave furfuraldehyde (3»1) on boiling with
12% hydrochloric acid. The last fraction (0.5 g»)» on boiling
with hydrochloric acid gave more furfuraldehyde (9.5 )• This
2f\
fraction had a specific optical rotation [a3D - 15 (methanol).
All fractions, except the last one, were combined,
remethylated and hydrolysed. No pentose could be detected
among the products of hydrolysis.
The last and arabinose-rich fraction was purified by
extraction with boiling light petroleum. The residual white
solid contained dimethylaraban, calculated from
furfuraldehyde estimation. After methanolysis and hydrolysis,
2:3:5-tri-0-methyl-L-arabinose was obtained in a yield of 8% of
the arabinose-rich fraction, approximately one-third of the
total pentosan content of the crude methylated polysaccharide.
Besides there was 2;3:6-tri-0-methyl-D-galactose.
These arabofuranose residues were attached to the
polysaccharide as terminal groups.
Polysaccharides containing both arabinose and galactose
units have been found in a number of coniferous woods. These
ara"bogalactans are extracted from the wood with water.
According to the definition given for hemicelluloses, these
products should strictly speaking not "belong to the hemi¬
celluloses since they are originally water-soluble and do not
require a preliminary treatment with alkali. But because of
their structural similarities it is desirable to include them
among the hemicelluloses.
These water-soluble polysaccharides are of interest in
connection with the chemistry of wood formation. One of them
is e -galactan from larch which has been studied by a number
of investigators. These results will, however, be described
separately in the following chapter.
Schorger and Smith (7) pointed out in 1916 that most of
the coniferae were characterized by the presence of galactans.
Some fifteen years later Foreman and Englis (8) examined an
arabogalactan from Southern yellow pine (Pinus palustrls) and
found 12.2^ araban to be present.
Later on an investigation was carried out in California (9)
on the arabogalactan from Jeffrey pine (Pinus Jeffrey") heart-
wood. The polysaccharide was extracted from pine sawdust with
cold water and precipitated with ethanol to give a white
powder, readily soluble in water v^ith a specific optical
rotation [a]pJ + 17°. After hydrolysis of the polysaccharide
in 0.1 N-sulphuric acid, the final specific rotation was + 88°,
mm ^ mm
which was consistent with that of a mixture of 5 moles of
D-galactose and U moles of L-arabinose. The arabogalactan
was methylated and, after methanolysis and subsequent
hydrolysis, the products ?/ere separated on a column of
powdered cellulose. The different fractions were 2:3s5-
tri-0-me thy1-L-arabino se (3 parts), di-O-methyl-L-arabinose
(1 part), 2:3sU:6-tetra-0-methyl-D-galactose (0.3 parts),
2:3:4-tri-^O-methyl-D-galactose (2 parts), 2:24.-di-0-methyl-
D-galactose (3 parts), mono-0-methyl-D-galactose (1 part) and
trace of a partially methylated uronic acid. The relatively
large proportions of tri-0-methyl-L-arabinose and di-Q-methyl-
D-galactose present in the arabogalactan indicated that the
polysaccharide was highly branched.
The acid-catalyzed hydrolysis of polysaccharides to
simple sugars is a widely known process. The reverse action
produced by concentrated acids has been studied, and
considerable attention has been focused on condensation poly¬
merization and acid reversion products of monosaccharides.
For instance, the effect of hydrochloric acid on D-galactose
has been examined (9a), and optimum polymerization occurred in
a 1.0 M solution of D-galactose in 37% hydrochloric acid.
Paper chromatographic examination revealed the presence of two
disaccharides, a trisaccharide and a smaller proportion of
higher saccharides in addition to D-galactose. The disaccharide
- 10
"being present in greater amount than the other disaccharide
was shown to "be 6-0-a-D-galactopyranosyl-D-galactose.
Jones et al. (9b) have studied the effect of 6 N hydro¬
chloric acid on D-xylose and L-arabinose. D-Xylose produced
4-0-3-D-xylopyranosyl-D-xylose among other disaccharides, one
of which contained 1:5 linkage. A third disaccharide
probably contained at least one xylofuranose residue.
A similar experiment with L-arabinose produced several
oligosaccharides, but the separation of these into pure
components was found to be difficult. However, one disaccharide
was identified as h-jQ-3-L-arabopyranosyl-L-arabinose, from
another fraction the osazone of 3-0-P-L-arabopyranosyl-L-
arabinose was prepared, and a third disaccharide, probably
2-0-3-L-arabopyranosyl-L-arabinose, appeared to consist of two
arabopyranose residues.
Some polysaccharides which have been found in different
plant gums will be mentioned because they are of interest in
connection with the investigation of e-galactan.
After partial hydrolysis of e-galactan, Jones (10) found




Recently Jones jet al. found the same disaceharide in
the hydrolysis products from golden apple (Spondias cytheria)
gum (11) and from cherry and peach gum (12). These plant


























Methanolysis of methylated cherry gum (15) and fractional
distillation of the products yielded the methyl glycosides of
2:3:5-tri-O-methyl-L-arabinose, 2:5-di-O-methyl-L-arabinose,
2:4:6-tri-O-rae thyl-D-galac to se, 2: ii-di-O-me thyl-D-galac to se,
2:3:4-tri-0-methyl-D-glucuronic acid, and 2:3-di-O-methyl-D-
glucuronic acid. Di- and tri-O-methyl-L-arabinose were
obtained in about equal amounts, and the ratio of di- and tri-
-O-methyl-D-galactose was also 1:1.
On partial hydrolysis of cherry and peach gum with N-
sulphuric acid (12), xylose, arabinose and various oligo-
- 12 -
saccharides v/ere produced. Chromatographic analysis of the
hydrolysis products showed the presence of 3-Q-&-L-arabo-
pyranosyl-L-arabinose. Peach gum gave in addition a second
disaccharide which probably was 5-0-3-L-xylopyranosyl-L-
arabinose (VII).
VII.
Autohydrolysis of golden apple gum (11) yielded a mixture
of reducing sugars consisting of arabinose, traces of galactose
and rhamnose, a number of neutral pentose-containing oligo¬
saccharides, acidic oligosaccharides, and the degraded gum.
Y/hen the mixture was separated on a charcoal-Celite column,
the main component of the oligosaccharide mixture was 3-0-3-
L-arabopyranosyl-L-arabinose (V). The oligosaccharide next in




The arabinose unit in VIII could exist in the poly¬
saccharide in either the pyranose or the furanose form.
While the pyranose form is the most stable of the two, the
furanose ring would immediately form the pyranose ring when
its glycosidic linkage was broken during the hydrolysis.
Previous work had indicated that the majority of
L-arabinose residues present in the gums and mucilages are
in the acid-labile furanose form. But Jones est al. (10.11.12)
have now shown that some of the L-arabinose units in poly¬
saccharides occur in the pyranose form, and White (15a) has
proved the presence of L-arabopyranose end-groups in Sapote
gum.
It is becoming increasingly apparent that the plant-gums
from the Prunus and Acacia genera have some common structural
features (12). For example, the more acid resistant backbone
of the gums, in which 1:3- and 1:6-linkages predominate, seems
to be built up of D-galactose and uronic acid residues. The
pentose side chains may resemble one another in certain
important respects, notably in the presence of D-xylopyranose,
L-arabopyranose, and L-arabofuranose residues.
The majority of the plant-gums contain L-arabofuranose,
but some contain in addition also L-arabopyranose and D-xylo¬
pyranose. It has been considered probable that the pentose
- 1i+ -
sugars arise in nature from the corresponding hexoses "by a
process which involves oxidation to a uronic acid, followed
"by decarboxylation. D-Glucose and D-xylose are for instance
closely associated in the cellulosic constituents of plants,
and it is clear that D-xylose would he formed by the
decarboxylation of D-glucuronic acid. But the presence of
arabofuranose as terminal end-groups in the xylan molecule
makes it more complicated, and the simple hypothesis of direct
derivation from cellulose has been rendered uncertain.
A similar inter-relationship between galactose and
arabinose would produce L-arabinose by the decarboxylation of
D-galacturonic acid. D-Galactopyranose is almost invariably
associated with L-arabinose in natural products, and D-
arabinose has been found only in a few instances. One would
have expected to find L-arabopyranose if the process was as
simple as described, but apart from some exceptions one has
found L-arabofuranose. It would be impossible, therefore,
for the arabinose to arise intramolecularly from the associated
galactose residue.
It seems as if the natural processes Involve hydrolysis of
one polysaccharide, transformation of the resulting hexose into
the corresponding uronic acid or pentose, and lastly, synthesis
of another polysaccharide from the uronic acid or pentose so
formed (16).
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At present little definite can "be said regarding the
inter-relationship of galactans, polygalacturoni&es and arabans,
apart from the fact that D-galactose is almost invariably
associated in natural products with L-arabinose.
It will be of interest to see whether or not
L-arabopyranose residues occur in all arabinose-containing
polysaccharides.
s -Galactan.
The water-soluble polysaccharide s -galactan can be
isolated in 12-18% yield by water extraction of larch sawdust
(17). The aqueous solution is evaporated to a smaller
volume under reduced pressure, and the polysaccharide
precipitated with ethanol. The product is filtered off,
washed with ethanol and light petroleum, and, after drying,
it gives a white amorphous powder, readily soluble in water,
acid and dilute alkali.
Arabogalactans from several species of the larch family
have been studied by a number of investigators. Campbell,
Hirst and Jones (18) have examined s-galactan from European
larch (Larix decidua). The polysaccharide was a pale yellow
-16-
hygroscopic powder, easily soluble in water. The aqueous
solution had low viscosity and gave no colour with aqueous
iodine. It gave the following results on analysis. Ash,
nil; [aJj) * 20 (approximately) in water; arabinose content
(from furfuraldehyde determination), 12.7%; galactose on
hydrolysis, 80%; uronic acid content, ca. 2%; iodine
number (Bergman and Machemer method) corresponding to repeat¬
ing unit of ca. 3000 equiv. wt. These figures are in general
agreement with values recorded by other workers.
s-Galactan, which is of interest in connection with the
chemistry of wood formation, has also been studied for
industrial purposes. The product can be extracted industrially
at a reasonable cost, and it is proposed as a source of
D-galactose, mucic acid, alcohol and industrial gum (19)*
The polysaccharide was named by Schorger and Smith (7)
who called it e-galactan to differentiate it from earlier
galactans, for instance the galactan (20) which was reported
to be present in lucerne Beeds. Steiger (21) investigated
a product from the seeds of hupinua albus. He called his
product p-galactan and suggested the name a-galactan for the
previously described galactan from lucerne seeds.
A y-galaetan was found in the lime water residues from
sugar production (22), and 6-galactan was a water insoluble
polysaccharide from agar-agar (22). Galactose was found to
- 17 -
"be present in ail these galactans, "but little or nothing
more was known about them.
e-Galactan was first described by Trimble (2k) in 1898
who showed that it contained galactose residues. Later
Schorger and Smith (7) investigated a water soluble poly¬
saccharide from Western larch (Larix occldentalis) with a
OA
specific optical rotation + 12.11°. On distillation
with 12% hydrochloric acid it yielded furfural corresponding
to 10. J/o pentosan, but they were unable to detect other sugar
residues than B-galactose after hydrolysis of the poly¬
saccharide.
Wise and Peterson (23) showed that the pentose present
was arabinose, identified through its benzylphenylhydrazone
and diphenylhydraaone. The amount of arabinose in the
polysaccharide was 11.95%» calculated from distillation with
12% HC1 and from arabinose diphenylhydrazone. The galactose
was oxidised to mucic acid, the amount of which corresponded
to 8d.6% galactose. They adopted as a hypothesis that the
polysaccharide actually was an arabogalactan with the condensed
formula [ (GsHe 0*) (Qb^ o0s )6 Jn« Hydrolysis of such a poly¬
saccharide would yield 11.9% arabinose and 88.1% galactose*
which agree fairly well with the analytical data.
Wise and Unkauf (26) fractionated s-galactan with ethanol
from aqueous solution and got various fractions which were
similar. e-Galactan can also be obtained from Japanese (27),
- 18 -
Siberian (27a,28) and Eastern (29) larches and from larch
wood from Honshu, Korea and Hokkaido (30).
When methylation studies started on s-galactan, doubt
arose to whether the polysaccharide was homogeneous or not.
All the papers published on the subject up to about 1924-0
seemed to agree that e-galactan is a true arabogalactan and
not a mixture of several polysaccharides. During the last
15 years a number of investigators have examined e-galactan
and different results have been obtained. But no clear
decision has been reached yet as to whether it is a single
polysaccharide of the arabogalactan class or whether it is a
mixture of polysaccharides, one of which is a true galactan.
Peterson et al. (31) isolated water soluble poly¬
saccharides from Eastern, Western, and European larches, all
of which gave similar analysis for ash, reducing value, optical
activity, anhydro-arabinose and anhydro-galactose, which
however did not establish their chemical identity.
By systematic fractionation of the acetyl, the propionyl
and the benzoyl esters of Western larch from various solvent
mixtures, they obtained fractions of similar acyl content but
of variable optical activity, reducing value, specific
viscosity and araban content. The araban content of the
fractions varied betiveen 5*5% - 9.6% for the propionates,
3.7/o - 6.1% for the benzoates, and 5.5% - 7.7% for the acetates.
- 19 -
It was concluded that these derivatives v/ere non-
homogeneous and that the original polysaccharide probably
also was a mixture.
The methyl ethers of an arabogalactan from Japanese larch
(Larix leptolepis. Gord.) have been studied by Tachi and
Yamamori (27). The water soluble polysaccharide had the same
characteristics and chemical composition as the e-galactan
reported by other workers. The fully methylated product with
i 5
a specific optical rotation [a]^ -32.9U° in acetone was
subjected to vigorous fractionation for a test of homogeneity
by stepwise addition of light petroleum to a solution of the
methylated polysaccharide in acetone. Pour fractions were
obtained, all of which had similar methoxyl content, specific
rotation and amount of araban. The araban content varied
between 5»1^ - These two research workers found it
possible to assume that s-galactan is homogeneous with the
formula suggested by Wise and Peterson (25).
The same conclusion had been reached by White through his
work on the arabogalactan from Western larch (32). The fully
methylated polysaccharide after methanolysis and fractional






On partial methanolysis of the methylated polysaccharide
the reaction products were separable into two fractions with
hot petroleum ether. In the soluble fraction he found besides
the methyl glycosides of 2:3:5-tri-O-rnethyl-L-arabofuranose,
2:3:i|.-6-tetra-0-methyl-D-galactose, and 2:3:U-tri-0-methyl-D-
gaiactosej two high-boiling disaccharides, namely octamethyl-





In heptamethy1 -6-0-j3-D-galactosy1 -D-galactose the galactose
unit linked through carbon C6 possessed an hydroxyl group at
carbon C3# which showed that this was a branch point. The low
positive rotation of the disaccharides indicated that they were
(3-linked.
The fraction which was insoluble in petroleum ether gave
on complete methanolysis mainly 2:l4.-di-0_-methyl-D-galactoside
and only some 2:3:i4.:6-tetra-0-methyl-D-galactoside. No
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tri-Q-methyl-D-galactoside could be detected among the
alcoholysis products. When this fraction was remethylated
and then hydrolysed, one found 2:3:4-tri-0-methyl-D-galactose
and 2:h:6~tri-0-methyl-D-galactose in addition to 2:3:k:6-
-1e tra-0-methy1-D-galac to se and 2:U-di-0-methyl-D-galac to se.
¥/hite hydrolysed e-galactan with 0.02 N-sulphuric acid
at 90° and followed the decrease of arahinose in the residual
polysaccharide which was precipitated from the solution with
ethanol. Thus after 23 hours the amount of residual
polysaccharide was 88.b$> containing 6.16% arahinose. After
methylation of this degraded polysaccharide and subsequent
methanolysis he got equimolecular proportions of the methyl
glycosides of 2:3*U:6-tetra~0-methyl-D-galactose, tri-0-methyl-
D-galactose, and 2:ij.-di-0-methyl-D-galactose. The tri-0-
methyl-D-galactoside fraction was a mixture of 2:3:*+-tri-0-
methyl-D-galactoside and 2:i+:6-tri-0-methyl-D-galactoside.
No attempt was made to estimate the methylated arabinose which
was present.
White's opinion was that the L-arabofuranose unit was
linked to the original polysaccharide to carbon C6 in a D-galactose
unit whose carbon C1 and C3 were linked to other units. The
presence of 2:i+:6-di-0-methyl-D-galactose in the degraded
polysaccharide proved this.
The ease of hydrolysis of L-arabinose indicated that it was
present in its furanose form.
22 -
The two disaccharides obtained on partial raethanolysis
of the methylated e-galactan gave evidence for the presence
of the linkage Ga1-6Ga to be present between two D-galacto-
pyranose units. Since 1:6-bonds are usually more resistant
to hydrolysis than others, they tend to accumulate on
hydrolysis. In fact, during the early stages of methanolysis
there accumulated a resistant residue composed of 1;6 linked
2; 2+-di~0-raethyl-D-galac tose uni ts.
On the basis of these data, White proposed that the
molecule is highly branched with L-arabofuranose units attached
as end units on some of the branches. He suggested the
following structure (XI)





Campbell, Hirst and Jones (18,33) bad strong evidence,
however, that the material from European larch (Larix decidua)
was a mixture of polysaccharides, one of which was a true
galactan, and the other either an arabogalactan or an araban
with a galactan differing in structure from the first one.
They found that s-galactan was readily methylated by the
thallous ethoxide-methyl iodide method. The methylated
product (20.5 g«) had a methoxyl content h-2.9% and was easily
fractionated from acetone solution by the portionwise addition
of light petroleum. The first fraction (13 g.) had a
specific rotation [a3D-18° in methanol, h-2.5% methoxyl and
the araban content on boiling with 12% hydrochloric acid was
less than 2%. The second fraction (i+ g.) had the same
methoxyl content, specific rotation [a]D-19° and gave b.7%
furfuraldehyde corresponding to 12% dimethylaraban. Fraction
three (3 g») had [a]-l6° and contained hh.3% methoxyl. Some
sticky solid -was left which was not further examined.
The first fraction after methanolysis and subsequent
hydrolysis gave equimolecular proportions of 2:3:i^:6-tetra-
0-me thy1-D-ga1ac to se, 2:3:b-tri-0-me thyl-D-golac to se and
2:b-di-0-me thy1-D-galac tose.
A degraded product was obtained on hydrolysis with 0.01 N-
sulphuric acid at 90° for bO hours. After neutralisation
with barium carbonate and concentration of the filtrate, the
- 2k -
remaining syrup was fractionated by the addition of alcohol.
The main fraction, which had a specific rotation [a]D~18° in
methanol and contained 2.9% araban on boiling with 12%
hydrochloric acid, was hydrolysed completely with N-sulphuric
acid. Trituration with alcohol gave crystalline D-galactose
in Q5% yield; no other sugar could be detected.
This degraded polysaccharide was methylated and after
hydrolysis of the methylated product, 2s3si+s6-tetra-0-methyl-
D-galactose, 2:3:4-tri-0-raethyl-D-galactose, 2:ij.:6-tri-£-
methyl-D-galactose, and 2:l4.-di-0-raethyl-D-galactose were
obtained.
The investigators say that these observations provide
strong evidence in favour of the heterogeneity of the original
s -galactan. The results from the fractionation of the
methylated undegraded product showed that there must be one
true galactan present. The three D-galactopyranose units
which make up the repeating unit of the galactan molecule are,
respectively, a terminal D-galactose residue attached only
through C1 (Ga1,».), a residue attached to others through
C1, C3» and C6 (***^ Ga1..») and a residue attached to the
others through C1 and C6 (•..6Ga1•♦.). The possible











This type of structure is similar to that present in
plant gums and reveals a striking resemblance between this
galactan and the araban of pectic materials. The ring
structure of the constituent sugars is so different, however,
that the arabofuranose residues in the araban could not arise
from such a galactan through oxidation and decarboxylation
only.
Therefore, it was very interesting indeed when Jones (10)
found the occurrence of L-arabopyranose among the products
obtained on partial hydrolysis of larch s-galactan. The
polysaccharide was hydrolysed with 0.01 N-hydrochloric acid
at 100° for 1i hours, neutralized with ion exchange resin, and
poured into alcohol. The precipitated, degraded s-galactan
was collected and the filtrate evaporated to a syrupy mixture
of sugars which was fractionated on a column of cellulose with
n-butanol half saturated with water. L-Arabinose appeared
first in the effluent followed by D-galactose, a trace of an
unidentified pentose-containing oligosaccharide,
arabopyranosyl-L-arabinose (XIII), and then a hexose-containing
disaccharide. The disaccharide 3-0-3-L-arabopyranosyl-L-
arabinose gave rise to 2:3:1ri-0-methy1-L-arabinose and
2:4-di-0-methyl-L-arabinose after methylation and subsequent
hydrolysis. It probably existed as (XIV ) in e-galactan and
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may have had L-arabofuranose residues attached to the
L-arabopyranose portion of the disaccharide.
tt H K
XIII. XIV.
In order to prove that the disaccharide did not arise
by resynthesis, a solution of L-arabinose in 0.01 N-
hydrochlorlc acid was heated at 100° for hours. No
oligosaccharides were produced.
Brown, Dunstan et al. (34) carried out perlodate
oxidations on s-galactan and found three end groups per
repeating unit of mol. wt. 1104»
Heidelberger (35) has examined s-galactan from European
larch by means of quantitative immunochemical methods which
have been of great service in the clarification of structural
chemical relationship. He measured the antibody nitrogen
precipitated in Type XIV antipneumococcal horse sera by a
number of polysaccharides containing galactose. A galactan
- 2?
isolated from "beef lungs precipitated more than one quarter
of the antibody in a Type XIV antipneumococeus serum. This
demonstrated a close relationship between the galactose
linkages in the galactan and the galactose linkages in the
izamunologically specific polysaccharide of Type XIV pneumo-
coccus.
s-Galactan (88% galactose, 12% arabinose) and degraded
e-galactan (92% galactose, 8% arabinose) were both made to
react with Type XIV antipneumocoeeus horse serum. The
amount of antibody nitrogen precipitated was about the same for
both products (slightly less for the degraded material) which
showed that there was little difference before and after
removal of one third of arabinose in the original poly¬
saccharide.
Heidelberger determined the amount of galactose and
arabinose in the precipitates (36). The ratio galactose:
arabinose in undegraded and degraded s-galactan was maintained
in their cross reaction precipitates. This showed that no
fractionation of either of the two polysaccharides had taken
place. But Heidelberger says that only a positive result is
meaningful; a negative result does not show that a substance
is homogeneous.
Some investigators have used physical methods in their
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work on larch galactan. Husemann (37) found from osmotic
pressure and viscosity measurements an average degree of
polymerisation of 222.
Husemann fractionated s-galactan from an aqueous calcium
chloride solution "by the portionwise addition of methanol.
She obtained five fractions where the degree of polymerization
varied between 267 and 182 for the first and last fraction,
the molecular weight lying between 1+2000 and 28600. No
fractionation in an araban and a galactan had taken place,
which would have been expected if they did not possess the same
solubility. She found the Staudinger constant for e-galactan
to be about the same as that for starch. She says that if the
polysaccharide is a true arabogalactan it is highly branched
and consists of chains of different length.
Owens proposed a molecular weight of at least 2200 on the
basis of Staudinger ' s equation, which agrees well with that of
Nikitin and Soloviev (27a) who obtained 2208 by chemical
methods. Arabogalactan was found to have spherical shape when
dissolved in water.
Studies by Mosimann and Svedberg (39) using the sedimentation
velocity centrifuge technique indicated that s-galactan
consisted of two components with molecular weights of 100,000
and 16,000.
- 29 -
Gerd Lystad Borgin (i+0) examined water soluble extracts
from the sapwood and the heartwood of Western larch.
Sedimentation velocity runs showed heartwood extract to be made
up of one component, whereas the sapwood was made up of two
components. The two components were estimated to be present
in the proportions of 3s2, the component of higher molecular
weight being present in the larger amount.
The following investigations were carried out on s-.gaiactan
from European larch (Larix decidua). The material is the same
as that investigated by Heidelberger (35,36)and by Jones et
The original e-galactan as well as a degraded product were
examined and the hydrolysis products separated by means of
partition chromatography. It was hoped that these new and
delicate methods which now are in general use in carbohydrate
chemistry would make it possible to bring some further insight





1. Paper chromatograms were ran on the paper Whatman No.1,
unless otherwise stated.
2. A saturated aqueous solution of aniline oxalate was used
for spraying the paper chromatograms, unless otherwise
stated.
3. The paper chromatograms were run in one of the following
solvents:
a) n-butanol-ethanol-water (4:1:5), top layer,
h) n-butana1-ethano1-water (40:11:19),
c) ethyl acetate-pyridine-water (10:4:3),
d) benzene-ethanol-water (169:47:15), top layer,
e) n-butanol-formic acid-water (500:115:385), top layer.
4. Melting point determinations were carried out on a Xofler
block, and no corrections were made.
5. Methoxyl estimations were carried out by the zeisel
volumetric method.
- 31 -
General Properties of s-Galactan
and Degraded s-Galactan
The polysaccharide s-galactan was prepared at Forest
Products Research Laboratory, Princes Risborough, Bucks#,
where it had been extracted from the sawdust of European
larch (Larix decidua) with water. The polysaccharide was
purified by passage through Amberlite resins IR120 and IRlj.00
and was recovered from solution by precipitation with alcohol.
The degraded s-galactan was a mixed batch. It was
composed of two preparations of s-galactan, one from Princes
Risborough, and one prepared by Dr. J.K.N. Jones, Bristol,
from larch sawdust provided by Princes Risborough. The
polysaccharides had each been given two treatments with boiling
0.01N hydrochloric acid (1i hours) followed by passing the
solution through a column of Amberlite IR-ijB(OH) to remove
hydrochloric acid. They were recovered by precipitation in
alcohol.
Both polysaccharides are pale yellow hygroscopic powders,
readily soluble in water, acid, and dilute alkali.
i 7
The optical rotation is [a]D +19°. (c = 0.2 in water)
17
for undegraded, and [a]^ +19° (c = 0.5 in water) for degraded
product (a stronger solution made the polarimeter reading
impossible).
The two polysaccharides are easily hydrolysed in dilute
32
mineral acid. Complete hydrolysis is obtained by heating
the products with N-sulphuric acid at 100°C (h hours).
Preliminary experiments with paper chromatography showed
that both polysaccharides gave two spots with values
corresponding to those of arabinose and galactose.
Estimation of Galactose and Arablnose by Quantitative Paper
Chroma tography.
<Mwm--.ni —
The polysaccharides (20-h0rag.) were hydrolysed with
N-sulphuric acid (1ml.) in a sealed tube for four hours in
the boiling water-bath. L-Rhamnose (1Q-2Qmg.) being used
as reference sugar was added to the solution after the
hydrolysis. The solution was then neutralised with barium
carbonate. The precipitated barium sulphate was filtered
off, washed with water, and the filtrates evaporated to a
syrup in a vacuum dessiccator over phosphoric oxide.
The separation of the sugars was carried out by the
method of Flood, Hirst and Jones (h.1) on paper ehromatograms
run in solvent (a) for two days. The amount of each sugar
was estimated by oxidation with sodium meta-periodate (U2).
Sodium meta-periodate solution (1ml.;0.3M) was added to the
sugar solution (5ml.) in a boiling tube with ground in
stopper. The stoppered tube was heated in the boiling
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water-bath (20 minutes), the side of the tube being cooled
by a water coil-condenser.
After the tube had been heated the requisite length of
time it was cooled under the tap, ethylene glycol (ca. 0.2ml.)
added to destroy excess of periodate, and the liberated formic
acid titrated with sodium hydroxide (0.01N), using methyl-red
as indicator.
Paper blank was run each time.
The amount of sugar ( rag.) in each tube was found according
NNaOH x mlNaQH x Mhexose
5
NNaOH x ^NaOH x Mpentose
k
normality of sodium hydroxide
titre sodium hydroxide
molecular weight of hexose
molecular weight of pentose.
The amount of galactose and arabinose found was calculated











Wt. (mg.) Wt. (mg.) Titre(ml,), corrected for blank
polysacch. rhamnose galactose arablnose rhamnose
23.23 9.02 4.05 0.59 1.47
23.23 9.02 3.62 0.50 1.30
29.81 14.63 4.96 0.65 2.27




Mean = 84.9 11.9
Degraded J-galaetan










Titre(ml.)» corrected for "blank










In the undegraded e-galactan the two monosaccharides
were found in six to one molecular ratio. If we adopt as a
hypothesis that the polysaccharide is a homogeneous arabo-
galactan the empirical formula would then "be [ (C^HgO^) (°6H-jo®5^6^n
In the degraded s-galactan the two monosaccharides were
found in nine to one molecular ratio (or in six to two-thirds)
and accordingly the degraded polysaccharide can "be given the
empirical formula [ (C5Hg0j^)£(C5H^o05^6^n.
3
Partial Hydrolysis.
Hydrolysis with 0.5N sulphuric acid.
Undegraded polysaccharide (5g*) was heated with 0,5N
sulphuric acid under reflux in the boiling water-bath. Every
half hour a sample (3®!*) was withdrawn, neutralised with
barium carbonate, filtered and concentrated. Each sample was
examined on a paper chromatograra using the solvent (c). The
paper was sprayed with p-anisidine-hydrochloride.
The results are tabulated below. The numbers in brackets







Five brown spots (1.5» 3> 2, 7# 9)» pink(15),
galactose(18), arabinose(26).
Five brown spots, galactose, arabinose.
As for 1,5 hours.
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The pink spot that appeared just above galactose was
probably the disaccharide 3-0-3-b-arabopyranosyl-L-arabirtose(10).
It disappeared on prolonged heating which showed that it was
hydrolysed to arablnose.
Hydrolysis with Q.Q1H sulphuric acid*
Degraded polysaccharide (0.5g») was heated under reflux
with 0.01N sulphuric acid (5ml*) in the boiling water-hath.
At intervals (h hours) the solution was neutralised by shaking
with resin Araberlite IE bB(OH), filtered, and the partially
hydrolysed polysaccharide precipitated with alcohol. The
polysaccharide was filtered off, washed thoroughly with alcohol
and again hydrolysed with dilute acid and given the same
treatment as before.
Each filtrate was concentrated to a syrup under reduced
pressure and examined on the paper chroma togram run in solvent
(c). All the filtrates gave the same spots on the chromatogram,
namely arabinose, galactose,a pink spot above galactose
(probably 3-£-£5-L-arabopyranosyl-L-arabinose), and a slower
travelling brown spot.
After five treatments (20 hours hydrolysis) nothing
remained of the polysaccharide after the hydrolysis. The
solution, after neutralisation, was however examined on a paper
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chroma togram and gave the same spots as mentioned above.
The amount of araban and galactan present in the partially
hydrolysed polysaccharides was estimated (1+1 »42) after a
sample had been completely hydrolysed in N-sulphuric acid.






Determination of formic acid released.
Undegraded and degraded polysaccharides were oxidised
by periodate ion by the method of Halsall, Hirst, and Jones (58),
and the amount of formic acid liberated estimated by titration
with 0.01N sodium hydroxide.
The polysaccharide (lOOmg.) was dissolved in water (30ml.)
in a stoppered bottle. Potassium chloride solution (10ml.j16$)
and sodium meta-periodate (20ml.j0.3M) were added, and the
bottle was shaken continuously in the dark. Blank was run at
the same time only omitting the polysaccharide. At regular
Intervals the shaking was stopped and a sample (5ml.) withdrawn,
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excess of periodste destroyed "by the addition of ethylene glycol
(1ml.j neutral to methyl red), and the amount of formic acid
liberated titrated with sodium hydroxide (0.01N) from a micro
"burette, using methyl red.





























An experiment in which the "bottles were not shaken, was carri
out. Th© reaction seemed to go slower in this case. The
results are tabulated below.
100.25mg• undesraded s-galactan. Normality Na0H:0.01054
Time (hrs.) ml.NaOH/5ml. solution
Moles HCOOH/
(09H80a)(C6H1oo5)6



























The uptake of periodate was estimated "by the following
method (59*60). The polysaccharide (100-200mg.) was dissolved
in water (75ml.) and sodium meta-periodate solution (25ral.;0.3M)
added. Blank was run at the same time only omitting the
polysaccharide. The stoppered reaction-flasks were kept in
diffused light. A sample (5ml.) was withdrawn periodically,
diluted with water (50ml.), followed by a saturated aqueous
borax solution (5ml.), and solid horic acid (2g.). The
solution was mixed "by swirling, potassium iodide solution
(5ml. }k&?l) added, and the flask stoppered. After 3-4 minutes
the liberated iodine was titrated with standard arsenite
solution (0.05N), starch "being used at the end-point.

















Ethylene glycol was added to the solutions containing
the fully oxidised residues, which were then dialysed in plastic
tubings against running water (7 days). After concentration
in vacuo the residues were hydrolysed with N-sulphuric acid
and examined by paper chromatography using the solvent (c).
Galactose, arabinose, and a pink spot below arabinose (R^ value
as xylose) were found.
Summary of results.




Since hexose residues linked through carbon 01 only, or
through 01 and 06, produce formic acid on oxidation, the results
- 1+2 -
indicated that the polysaccharides either contained 1-6* linked
hexose residues, or possessed a high degree of "branching. A
pentose residue linked through carbon C1 would be oxidised by
the periodate ion, the pentofuranoside would require one mole
periodate, while the pentopyranoside would require two moles
periodate and produce one mole of formic acid.
The presence of arabinose in the hydrolysis products of
the oxidised polysaccharides Indicated that this sugar cannot
be present entirely as end groups.
The similar results for the undegraded and degraded
polysaccharide showed that there is little difference before
and after removal of one-third of the arabinose.
However, the results are of value only when taken in
conjunction with the results of methylation studies.
Degradation with phenylhydrazlne acetate (Barry*s method).
The two polysaccharides (l+g.) were dissolved in water
(50ml.) and sodium meta-periodate solution (150ml.J0.3M). At
Intervals a sample (iml.) was withdrawn and the liberated formic
acid and the periodate consumption estimated as previously













4 3.2 1.5 7.5 3.4
25 3.5 1.6 8.1 3.7
51 3.7 1.7 8.3 3.8
120 4.0 1.8 8.7 4.0
168 4.1 1.8 9.0 4.1
(C5H804) a
HCOOH/










4 3.2 1.5 7.8 3.7
25 3.5 1.7 8.1 3.9
51 3.6 1.7 8.3 4.0
120 3.9 1.8 8.9 4.2
168 4.1 1.9 9.0 4.3
Ethylene glycol was added to the two solutions which were
dialysed In plastic tubings against running water (1 days).
After concentration _in vacuo alcohol was added in order to
precipitate the oxidised polysaccharide. Some material was
precipitated, "but it soon went into solution again. Further
addition of alcohol was of no use. The solutions were
— bh "
concentrated under reduced pressure to smaller volumes (50ml.)®
The oxidised material was degraded with phenylhydrazine
acetate according to the method "by Q'Colla (63). Phenylhydrazine
acetate ?/as prepared (64) "by adding phenylhydrazine (15g.)
dropwise to glacial acetic acid (9g.) under stirring at -7°C.
The crystals were filtered off and washed with cold, dry ether.
The solution containing the oxidised polysaccharide was
heated with phenylhydrasine acetate (10g.) under reflux on the
"boiling water-hath for one hour. At the end of this time a
"brown gum had precipitated in the flask. Addition of alcohol
precipitated more of the gelatinous product which solidified on
washing with alcohol and hot water. The amorphous "brown
powder (polysaccharide) was filtered off at the pump and washed
with alcohol and ether. Yield = 2.2g. for "both.
Hydrolysis of the brown powder in N-sulphuric acid followed
by paper chromatography showed the presence of galactose,
arabinose, and a faster travelling pink spot.
Second periodate oxidation.
The amorphous brown polysaccharides (1.0g.) were dispersed
in water (25 ml.) and sodium meta-perioaate solution (50ml.;0.3M).
The stoppered reaction flasks were shaken in the dark. A

























































The Insoluble polysaccharide was filtered off and washed
with water and alcohol. Weight = 0.85g.
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Ethylene glycol f/as added to the filtrates which were
dialysed against running water (6 days). Concentration followed
hy hydrolysis (N-sulphuric acid) and paper chromatography showed
the presence of galactose# arabinose, together with two pink,
three broxra, and one grey faster travelling spots.
The insoluble periodate-oxidised polysaccharide (0.85g»)
was again heated with phenylhydrasine acetate (1g.) in water
(20ml.) on the boiling water-bath for one hour. The solution
became brown but the polysaccharide did not dissolve. Insoluble
material was filtered off and washed with water and alcohol.
Weight = 0.75g»
Third periodate oxidation.
The brown insoluble products which were left after the
second treatment with phenylhydrazine acetate were again oxidised
by the periodate ion. The material (0.63g.) was dispersed in
water (23ml.) and sodium meta-periodate solution (50ml.;0.3M) and
shaken in the dark. A sample (1ml.) was withdrawn periodically











































3 Months 13.2 26.0
- kB -
The insoluble material was filtered off the brown solution and
washed with water and alcohol. Weight = 0.2g.
The polysaccharides were hydrolysed with N-sulphurlc acid.
Examination on the paper chromatogrom showed the presence of galactose
and arabinose.
The filtrates were dialysed, concentrated# and hydrolysed in the
usual way. On a paper chromatogram there were spots of galactose,
arabinose, and a faster moving pink spot (same R& value as xylose).
Estimation of arabinose and galactose.
The brown amorphous polysaccharides which were obtained after
the periodate-oxidised material had been treated with phenylhydrazlne
acetate were analysed for arabinose and galactose. This was carried
out by hydrolysis with N-sulphuric acid and quantitative paper
chromatography as previously described. The brown solutions which








Condensation with isonlcotinoylhydrazide (65).














meta-periodate solution (25ml.J0.3M) and oxidised for 168 hours.
Ethylene glycol was added at the end of this time, and the solution
dialysed (10 days), and concentrated under reduced pressure (25ml.).
An aqueous solution of "isoniazide" (0.90g. in 50ml. water) was
added. The solution "became cloudy, and it was necessary to add a
little sodium chloride to effect the condensation product to separate.
The pale yellow precipitate was filtered off after two days
and washed with water, alcohol, and finally ether.
The filtrate was dialysed (7 days), and then concentrated in vacuo.
Hydrolysis with N-sulphuric acid of the precipitate and the
filtrate, followed "by paper chromatography, showed the presence of
galactose, arablnose, and a pinlc spot (R& value as xylose) in both
samples.
Condensation with phenylhydrazlne (66).
Undegraded and degraded polysaccharides (1.7g.) were oxidised with
sodium meta-periodate for 144 hours as before. The solutions were
treated with lead acetate to remove lodate and perlodate, and then
with dilute sulphuric acid to precipitate excess of lead. The
solution of oxygalactan obtained (160ml.) was treated at room temperature
with phenylhydrazine (3«5ml.) in IQfo acetic acid (10ml.). The yellow
solid obtained was washed well with water and dried to a yellow powder
(1.5g.)•
Degradation of oxygalactan-phenylhydrazine derivative•
Undegraded s-galactan*
The yellow solid (1.5g.) was suspended in ethanol (40ml.),
phenylhydrazine (5ml.) in glacial acetic acid (8ml.), and water
(15ml.). The product dissolved on heating and was heated under
reflux on the "boiling water-bath for 1+ hours.
Removal of the ethanol under reduced pressure precipitated
crystalline material. This was filtered off, washed with water,
dilute acetic acid, water, and finally dried to yield orange
crystals (A, 1.7g.).
The filtrate was extracted with ether, benzene, and again
ether. Concentration of the aqueous filtrate Jin vacuo yielded
red gum (B, 0.6g.). Hydrolysis in N-sulphuric acid followed
by paper chromatography showed the presence of arabinose and
galactose.
The benzene-ether extracts were concentrated to yield a
deep red solution (C) •
The crystalline precipitate (A, 1.7g») was dissolved in
benzene and adsorbed on a column of alumina (80g.). The
column was eluted with benzene, benzene:ether (1s1), ether, and
finally ethanoluvater (9s1)• The solvent was distilled off
the fractions under reduced pressure. The residue was weighed
without further drying, which accounts for the too high yield.
Solvent Fractions Volume (ml.) Weight (<?.)
Benzene 1 100 1.00
ft 2-3 150 0.20
Benzene:ether 1+ 50 0.01
u 5-7 300 0.12
Ether 8-9 175 0.36
Ethanol;water 10 30 0.1+1
if 11 20 0.01+
tf 12 1+0 0.01
51
Fractions 1-3 were recrystalllsed from benzene to give
pale yellow "blades, m.p.168°C., not depressed by admixture with
an authentic specimen of glyoxalbisphenylhydrazone (m.p.168°C).
Fractions 5-7 were recrystallised from benzene, and gave
colourless blades, m.p.128°C,, not depressed by admixture with
an authentic specimen of N-acetylphenylhydrazine (129°C),
The mother liquor crystallised further to give deep yellow
crystals which after recrystallisation from benzene had m,p.130°C.,
glycerosazone, depressed by admixture with N-acetylphenylhydrazine.
The melting point was not depressed by admixture with an
authentic specimen of glycerosazone (m.p.128°G.).
Fractions 8-9. These fractions came almost colourless out
of the column. Removal of the solvent and recrystallisation
from benzene yielded colourless blades, ra.p.130°C., not depressed
by admixture with an authentic specimen of M-acetylphenylhydrazine.
Fraction 10, Recrystallisation from benzene gave colourless
blades of H-acetylphenylhydrazine.
Fractions 11-12. These fractions were obtained as red
amorphous powders.
The ether-benzene extracts (C) from the aqueous solution
gave crystalline N-acetylphenylhydrazine after concentration of
the solution. The crystals were filtered off, and further
concentration of the filtr ' J " led a dark brown syrup. This
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was dissolved in "benzene and adsorbed on a column of alumina
(100g.)* Benzene, or benzenetether (1:1) did not elute
anything.
Solvent Fractions Volume (ml.) Weight (g.)
Ether 13 500 0.05
Ethanol:water 14 100 1.06
15 75 0.07
Fraction 14 gave a brown syrup which crystallised.
Secrystallisation from benzene-light petroleum gave colourless
plates of H-acetylphenylhydrazlne, ra.p. 128°C*, not depressed
by admixture with an authentic specimen.
The mother liquor, a brown syrup, failed to crystallise.
Examination of this on a circular paper chromatogram showed that
it contained glyoxalbisphenylhydrazone and glyserosazone.
Fraction 15 was obtained as a red amorphous powder after
the solvent was removed. Hydrolysis in N-sulphuric acid,
followed by paper chromatography, showed the presence of galactose
and arabinose.
Separation of osazones by circular paper chromatograms.
Barry (66) found that sugarosazones can be rapidly separated
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on a circular paper chromatogram. The fractions eluted from
the alumina columns were examined by means of this technique.
Spots of a mixture of the osazones were made on a circle,
3 cm. in diameter, in the centre of a piece of Whatman No.1
filter paper (18.5cm. in diameter). This was placed "between
two glass plates and eluted with the solvent mixture toluene-
ethanol-water (270:30:1) "by means of a wick Inserted into a slit
in the centre of the paper (67,68). The glass plates with
the chromatogram were placed over the container with the solvent
so the wick was immersed in the solvent. A glass bell covered
the plates and the container to avoid evaporation.
After two hours the osazones had separated into arcs which
were easily visible.
There were used reference solutions of the osazones of






glycerosazone, and a very faint spot of galactosazone.
glycerosazone, arabinosazone, galactosazone, and
a red spot on the starting line,
glyoxalblsphenylhydrazone•
mainly arabinosazone, also some galactosazone
together with faint zones of glyoxalbisphenylhydrazone,
glycerosazone, and erythrosazone. There was also a
red spot on the starting line.
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Methylation of the Polysaccharides.
Methylation studies were carried out with different
reagents on the polysaccharides. The methylated products were
isolated at different stages and analysed for methoxyl content.
Continuous treatment with dimethyl sulphate and sodium hydroxide
(1+3) increased the methoxyl content slowly. This method was
followed "by Purdiefs method (1+1+) using methyl iodide and silver
' oxide. This proved* however, to "be of little effect. More
effective was the method using thallous ethoxide and methyl
iodide (1+5).
Methylation of the undegraded polysaccharide.
The polysaccharide (25g.) was dissolved in water (100ml.)
and methylated with dimethyl sulphate (285ml.) and sodium
hydroxide (855ml.j30$)• The reagents were added dropwise with
vigorous stirring over a period of five hours. The reaction
mixture was kept in ice under an atmosphere of nitrogen. It
was stirred overnight, neutralised with dilute sulphuric acid
and dialysed in a cellophane hag against tap water for six days.
The aqueous solution was concentrated under reduced pressure,
and afterwards extracted with chloroform. The partially
methylated product was sparingly soluble in chloroform, so the
methylation was continued.
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This time the reagents were added in five "batches over
six days. One portion was added every day over five hours.
At intervals acetone was added to keep the methylated product
in solution.
After neutralisation, dialysis and concentration, the
methylated product was extracted from the aqueous solution with
chloroform, dried over anhydrous sodium sulphate and most of the
chloroform distilled off under reduced pressure. The methylated
product was obtained as a pale yellow hygroscopic powder by
pouring the chloroform extract into an excess of light petroleum
(b.p.60°-80°C.)•
Yield « 19»5g« OMe = ig!»5% [a]p^-39*5°(c at 1.0 in chloroform).
Some of the partially methylated polysaccharide (9«5g») was
again methylated with dimethyl sulphate (275ml.) and sodium
hydroxide (600ml.;30?o), the reagents being added in four batches
over five days. More and more acetone had to be added in order
to keep the methylated product into solution. This gave a
product having OMe =
The methylation was repeated, and the final product was a
pale yellow glassy powder.
Yield as 5*3g« OMe = Uh»9% [&]p"'~k9»70(c = 1.0 in chloroform)
The methoxyl content was not increased on further methylation.
A new quantity of e -galactan (25g.) was given four series
of five methylations. Dimethyl sulphate (75ml.) and sodium
hydroxide (150ml.j30%) were added five times in each series,
followed "by neutralisation, dialysis (3 days) and concentration
of the aqueous solution. The methoxyl content was constant
after three series of five methylations had been carried out.
Yield = 13.3g.
CMe = i+4.2% [aJ^-49.1° (c = 1.2 in chloroform).
[a]p®-27.1° (c = 1.1 in methanol).
Methylation of the degraded polysaccharide.
In a similar experiment two series of five methylations
were carried out on the degraded polysaccharide (10g.). Dimethyl
sulphate (75ml.) and sodium hydroxide (150ml.j30%) were added
five times in each series. After the last batch of reagents
had been added to the reaction mixture, the partially methylated
product precipitated as a brown sticky solid which was easily
separated from the solution.
This solid contained inorganic material and was purified
by repeated solution in chloroform followed by centrifuging and
concentration. Several precipitations from light petroleum
gave a pale yellow solid.
Yield = 8.2g. OMe = 39.5%.
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Further methylation of the partially methylated product
was carried out by means of thallous ethoxide and methyl iodide
(I4.5). The product 'was dissolved in benzene (100ml.) and a
solution of thallous ethoxide (I0g.) in chloroform (25ml.) was
added. After shaking well, the chloroform was removed from
the mixture by distillation under reduced pressure, the flask
being protected from light during the process. The grey solid
residue was finally poivdered in the dark, and heated under
reflux with methyl iodide (150ml») until the yellow thallous
iodide was no longer alkaline to phenolphthalein. The solvent
was then filtered off, and the residue exhaustively extracted
with boiling chloroform. All the filtrates were combined and
dried over anhydrous sodium sulphate, concentrated, and the
polysaccharide precipitated from light petroleum (b.p.60°-80°C.).
A Q
Yield » 6.2g. GMe « 1% [a]D -M .9°(cj=0. 9 in chloroform).
A new quantity of degraded e-galactan (20g.) was given four
series of five methylations, the procedure being the same as that
described for undegraded polysaccharide. The methoxyl content
was constant after three series of five methylations had been
carried out. The fully methylated product was a pale yellow
glassy solid.
Yield * 13.2g. OMe = 7% [a]^®-i+9.80(c=1.2 in chloroform).
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Fractionation of the Methylated Polysaccharides.
Attempts were made to fractionate the methylated
polysaccharides in order to obtain fractions of varying arahan
content. The solvents used were purified dry acetone,
chloroform, and light petroleum (b.p.6Q°-80°C.).
The purification of the solvents was carried out as follo?/s:
.Acetone was shaken with potassium permanganate, distilled, dried
over potassium carbonate, filtered and redistilled. Chloroform
was shaken with water, dried over anhydrous sodium sulphate,
filtered and distilled. Light petroleum was shaken with
concentrated sulphuric acid, followed by water, a saturated
aqueous solution of sodium bicarbonate, and finally water. The
solvent was dried over calcium chloride and distilled. The
fraction (b.p.60°-65°C.) was used.
Fractionation of methylated r-galactan with acetone and light
petroleum.
Methylated e-gaiactan (OMe « k1*5%» kg*) was dissolved in
acetone (20ml.) and light petroleum added dropwise from a burette
to precipitate the methylated product. After the addition of
16ml. light petroleum a brown sticky precipitate had been formed.
The supernatant liquid was decanted off, and the addition of
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light petroleum to the solution continued (20ml.) till a new
precipitate had "been formed.
In this way there were obtained five fractions, all of which
were hydrolysed in a sealed tube with If-sulphuric acid. The
tubes were kept in the water-bath at 60°C. for two days, and
then in boiling water (4 hours) to complete the hydrolysis.
The hydrolysis was followed by neutralisation of the
solutions with barium carbonate, filtration and concentration.
The respective syrups were examined on a paper chromatogram
using the solvent (a).
The spots that appeared on the chromatogram had values
corresponding to the following sugarsj tri-O-methyl-L-arabo-
furanose, tetra-O-methy1-D-galactose, di- and tri-O-methyl-L-
arabinose, tri-O-methyl-D-galactose, di- and mono-0-rnethyl-D-
galactose, and also a long cherry red streak just below the
starting line. The colour and the shape of the cherry red
spot were similar to those of a uronic acid. The colour of
this spot was strongest for the first fractions.
The intensity of the spots of methylated arabinose was the
same for all fractions.
Prom the chromatographic examination it seemed as if no
significant fractionation had taken place of the methylated
polysaccharide, except that the three first fractions contained
more uronic acid than fractions number four and five.
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Fractionation of methylated s-galactan with light petroleum
and chloroform.
The methylated e-galactan (7.0g., OMe » k1»5%) was
fractionated hy the solution method, the solvent "being a mixture
of light petroleum and chloroform. The amount of chloroform
in the extraction mixture was increased stepwise. The
methylated product was heated with the solvent mixture under
reflux for two hours. The flask was then cooled, and when the
solid had settled completely the supernatant liquid was decanted
off.
The fractionation experiment using light petroleum/acetone
showed that paper chromatography only could not give definite
information as to whether an araban-rich fraction had been
obtained or not. In the following experiments the amount of
araban (calculated as dimethyl araban) was estimated by
distillation with hydrochloric acid and precipitation of
furfural with phloroglucinol (the procedure will be described
in a following ehapter).
The results from the fractionation are given below.
The optical rotations were observed in chloroform, c = 1,











v , : ; V.'. ;
100 0.00
F II 95*5 0.01
F III 90:10 0.09
F IV 80:20 2.31 44.3 -38.8 5.6
F V 70:30 3.65 42.1 -39.2 5.4 (F V A)
4.8 (F V B)
F VI Left from F V 0.92 40.5 -39.5 4.6
Fraction F V (soluble in 70:30 petroleum-chloroform) was
fractionated further by solving it in chloroform (25ml.) followed
by the addition of light petroleum (75ml.). Some brown syrup,
P V B, was precipitated (1.18g.). The liquid was decanted off
and evaporated to dryness under diminished pressure to give a
white glassy solid F V A. The following analytical data were
found:
F V A OMe a 44.1$ [a.]jj-39.90 dimethylaraban * 5»k%»
F V B OMe s= 1+0• 3% [a3p-39.6® dimethylaraban *
The fractions were hydrolysed and examined on a paper chroma-
togram. The result was identical with that from the first
fractionation. F V A, F V B and F VI contained more uronic acid
than the first fractions.
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Fractionation of fully methylated £-galactan.
The partially methylated polysaccharide was methylated
further. The fully methylated product (4.0g. ,0Me=44.9) was







r „ -i 16°La]D
f I 100:0 0.00
f II 90:10 0.43 44.8 -49.9
f III 85:15 3.45 44.6 -49.7
Hydrolysis followed "by paper chromatography gave no new
information.
The fully methylated polysaccharide, which had been achieved
after four series of five methylations had been carried out, was
fractionated by the solution method. This methylated product
(lOg.) had GMe = 44.2%, [a]l®-49.1°(c = 1.2 in chloroform) and









Fa I 85:15 0.75 44.2 5.1
Fall 80:20 9.05 44.1
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Since the methoxyl content and the amount of dimethyl
araban in the first small fraction Pa I are identical with those
found in the original methylated polysaccharide, no fractionation
had taken place.
Practionation of methylated degraded r.-galactan.
Partially methylated degraded e-galactan (6.0g. ,0Me=42.1%)










P D I 100:0 0.01
F D II 95s 5 0.02
P D III 90:10 0.03
F D IV 80:20 2.00 43.5 -42.1 3.9
F D V 75.25 3.60 41.8 —40.6 3.6
P D VI 70:30 brown
sticky
solid
F D V was, after further methylation with thallous ethoxide
and methyl iodide, soluble in 80:20 petroleum-chloroform.
21
OMe = kb.2%, [a]D -*4-6.9 (c = 1.0 in chloroform).
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Hydrolysis followed "by paper chromatography indicated
that P D V contained more uronic acid than P D IV. P D V was
not hydrolysed quite so readily as P D IV.
Practionation of fully methylated degraded a-galactan.
Complete methylation had "been achieved by giving the
degraded polysaccharide four series of five methylations. This
fully methylated product (10g,) was fractionated after the









Fa D I 85*15 0.80 kh.7 3.8
Pa D II 80*20 9.15 44.8 4.0
Some brown sticky solid was left in the flask.
Estimation of Araban by Distillation with Aqueous
Hydrochloric Acid.
The conversion of unsubstituted pentoses into furfural by
the action of boiling aqueous hydrochloric acid has been used as
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the "basis of several methods of estimation of these substances.
Bott and Hirst (46) have shown that also the fully methylated
derivatives of arabofuranose, arabopyranose, xylofuranose, and
xylopyranose are readily decomposed by hydrochloric acid with
formation of furfural, the rates of reaction and the amounts of
furfural produced being directly comparable with those found
with the free sugars.
In the present work it was of interest to estimate the
amount of araban in the different fractions obtained after the
methylated polysaccharides had been fractionated with light
petroleum-chloroform. There was used a standard method for the
estimation of furfural by means of phloroglucinol (47)•
Because only relatively small amounts of methylated polysaccharide
were available, the method was first tried out on 30mg. methylated
xylan which theoretically would produce the same amount of furfural
as 500mg. methylated s-galactan. One experiment was also carried
out on the original polysaccharide.
The procedure was as follows? The sample was placed in a
flask (250ml.) provided with a separating funnel, and also with
a trap at the outlet tube. Hydrochloric acid (12% exactly)(100ml.)
was carefully added to avoid the polysaccharide from sticking to
the sides of the flask. Glass beads were used to avoid bumping.
The flask was kept in an oil-bath (180°C.) so the liquid distilled
at the rate of 30ml. in ten minutes. As soon as 30ml. distillate
had "been collected, the same amount of hydrochloric acid (12%)
was added to the flask from the separating funnel. The
distillation was continued in this manner until the distillate
was free from furfural. One drop of the distillate was tested
for furfural on a filter paper with a drop of aniline reagent
(equal amounts of aniline and water made to a clear solution
with hydrochloric acid). As long as any furfural was present
the distillate would give a pink colour when tested.
In the case of methylated xylan it was sufficient to
collect 320ral. distillate to which 30ml. phloroglucinol (0.8$
in 12$ hydrochloric acid w/v) was added, and the distillate made
up to 400 ml. with 12$ hydrochloric acid.
In the case of methylated e-galactan there was collected
700ml. distillate which was collected in two "batches. To both
of them was added an equal amount of phloroglucinol solution
(30ml.), and each distillate made up to 400ml. After complete
precipitation (42 hours) the solutions were filtered through a
tared filter crucible, Gooch 4, the precipitate washed with water
(150ml.) and dried at 100°-105°(4 hours).
The crucible was then placed in a narrow beaker with 95$
alcohol (20ml.) and heated at 60°C. in a water-bath (10 minutes).
The alcohol was removed at the pump, the crucible dried at 100°C.
and weighed.
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Under standard, conditions, the volume of distillate
collected is 400ml., and the weight of pentosan is obtained
from the weight of phloroglucide by the formula P=(a+0.0052)x0.8949»
in which P is the weight of pentosan, a that of the phloroglucide
compound, and 0.0052 is a correction factor to compensate for
the solubility of the latter. In the case of the methylated




wt • of substance = 459«58mg.
wt • of phloroglucide = 49.63mg.
Araban = 10.75=
Methylated Xylan.












F IV 504.22 14.83 5.4
F IV 450.38 13.81 5.8
F V A 382.40 10.03 5.4
F V B 506.81 11.91 4.8
•
F VI 454.83 8.85 4.6
F a 459.68 11.54 5.2
F a I 569.70 16.37 5.1
F D IV 504.30 7.90 3.9
F D V 522.83 7.15 3.6
F a D 573.40 11.75 4.1
F a D I 621.64 11.30 3.8
F a D II 551.50 9.71 4.0
Fa as methylated e-galactan before fractionation.
F a B = methylated degraded e -galactan "before fractionation.
According to Bott and Hirst (46) the transformation of
trimethyl arabopyranose is only 66?b when "boiled with 20%
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hydrochloric acid. The rate of decomposition is also
slower for this sugar than it is for trimethyl arahofuranose
and trimethyl xylopyranose.
These facts were not taken into consideration in the
experiments just described. The amount of arabans
dimethyl xylan, and dimethyl araban was estimated from the
formula mentioned, and the only correction made was to
increase the correction factor (0.0052) in those cases where
the distillate exceeded hOOml.
However, the estimations of dimethyl araban made it
possible to compare the different fractions, and showed
that no significant fractionation into an arabinose-rich
part had taken place.
Hydrolysis of the Methylated Polysaccharides.
The methylated polysaccharide (10 g.) was suspended in
2N-sulphuric acid (150 ml.) and left at room temperature till
the polysaccharide had dissolved. The mixture was diluted
with distilled water (150 ml.) and heated under reflux on the
water-bath. The temperature was slowly increased, so the
methylated polysaccharide always was kept in solution.
Finally, after two days the hydrolysis was completed at 100°C.
for seven hours.
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The acid solution was neutralised with "barium carbonate,
the precipitate removed by filtration and washed exhaustively
with water. The combined filtrates were concentrated under
reduced pressure. When about 50 ml. remained in the flask,
the solution was filtered through Whatman No. 1+2 filter
paper. Further concentration of the filtrate yielded a pale
yellow clear syrup which was dried ^n vacuo over phosphoric
oxide. Yield = 9*8 g.
Separation of the Methylated Sugars on a
Cellulose Column.
The syrupy mixture of methylated sugars obtained after
hydrolysis of the methylated polysaccharide was fractionated
on a column of cellulose powder. The column (3.5 cm. x 80 cm.)
was made according to the method of Hough, Jones, and Wadman(£j.9).
The solvents used for eluting the column were purified
light petroleum (b.p. 100°-120°C.), and purified n-butanol.
The butanol was purified by boiling it (1 1.) under reflux
over sodium hydroxide pellets (10 g.) for four hours. Direct
distillation yielded a pure butanol.
Before use the column was washed with water (1.5 1.),
butanol half saturated with water (1 1.), and finally with
light petroleum/butanol (70/30, 11.) saturated with water.
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The sugars were eluted from the column with petroleum/
hutanol (70/30) saturated with water, the proportion of
butanol in the mixture "being gradually increased as the sugars
were removed. Finally, after all the methylated sugars had
come through the column, the solvent was changed to water
to wash out unraethylated sugars and uronic acids.
The sugar syrup (5 g.) was dissolved in a minimum of
the solvent (70/30), added dropwise to the top of the column,
and allowed to soak in. A thin layer of cellulose powder
and of cotton wool was then placed on the top of the column
and 100 ml. of the solvent added. The column was left for
three hours.
A reservoir containing petroleum/butanol (70/30)
saturated with water was inverted on the top of the column,
and the eluate collected on the automatic turntable in tubes
containing 6 ml. each.
Every tenth tube was tested for sugars. The tube was
kept in hot water and the solvent removed with compressed air.
The remaining syrup was spotted on a paper chromatogram
and exarained for sugars.
A complete separation between the successive compounds
was not achieved, especially not for the higher methylated
sugars. The tubes which contained the same sugar, or the
same sugar mixture -were combined, and the solvent removed under
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reduced pressure. The resultant syrup was dissolved in water,
treated with charcoal, filtered,and evaporated to dryness JLn vacuo
over phosphoric oxide.



















































i 1.3147 brown 0.46 2:4-dimethyl-galac to se




























































































According to the weights of the fractions obtained
from the cellulose columns, the molecular proportions of





Tetramethy1-galactose 5.0 moles 5.7 moles
Trimethy1-galac to se U.U " h.9 "
bimethyl-galactose 5.8 5.2 "
Monoraethyl-galactose 1.3 1.1 M
Di- and trimethyl-arabinose 1.2 1.1 "




This fraction was obtained as a syrup but was too small
to be identified except on the paper chroraatogram. It gave a
grey spot which had the same value and colour as an
authentic specimen of 2:3:5-tri-O-methyl-L-arabinose. The
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r
grey spot gave a pink fluorescence in ultraviolet light.
Demethylation with hydrobromic acid (5*1) *
The syrup (5 mg.) was deraethylated with hydrobroraic
acid (1 ml., l+6f v/w) "by heating at 100°C. in a sealed tube
for 10 minutes. The tube was opened and the content
immediately diluted to 10 ml. with water. The mixture was
neutralised writh silver carbonate, filtered, and dissolved
silver removed with hydrogen sulphide gas. After filtration
through a bed of charcoal, the solution was concentrated
under reduced pressure. Examination on a paper chromatogram,
using a reference mixture of arabinose and galactose, showed
the presence of arabinose, trace of galactose, and some faster
travelling pink spots of partially methylated arabinose.
Fraction c. 2:3:h:6-Tetra-O-methyl-D-galactose.
This fraction crystallised on keeping, and was recrystallised
from ether-light petroleum to yield crystals m.p. 68°C.
OMe = 53*1% (calculated for CioH2C)06, 52.5?') •
[a]p^ + 1i+2°(5 min.) , 130°(30 rain.), 119°(1 hr.), 11?°(3 hrs.,
constant) (c = 1.1 in water).
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Preparation of anllide.
The syrup (50 mg.) was treated with a solution of
freshly distilled aniline (50 mg.) in ethanol (2 ml.). The
mixture was heated under reflux on the boiling water-bath
(30 minutes). On cooling, a crystalline solid separated.
Recrystallisation from ethanol yielded crystals m.p. 192°C.,
not depressed by admixture with an authentic specimen of
2:3 '• ki 6-te tra-0-methyl-N-phenyl-D-galac tosylamine.
Fraction b. 2:3:5-Tri-O-methyl-L-arabinose and
2:31k:6-1etra-O-methyl-D~galacto se.
Paper chromatography of this fraction showed it was a
mixture of 2:3:5-tri-O-methyl-L-arabinose and 2:3:h:6-tetra-0-
methyl-D-galactose.
Demethylation with hydrobromic acid followed by paper
chromatography showed the presence of arabinose and galactose;
galactose appeared to be in greatest amount.
OMe = 52.5$ (calculated for ^^20QG' 52#5<^ found
on analysis indicated that very little of the methylated
pentose was present.
The syrup crystallised on inoculation with a crystal of
2:3:h:6-tetra-O-methyl-D-galac to se. The crystals were dried
on a tile, and recrystallisation from ether-light petroleum
gave crystals m.p. 68°C.
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Treatment with alcoholic aniline gave 2:3s4*6-tetra-
O-methy1-N-phenyl-D-ge1acto sylamine m.p• 192°G.
Fraction g. Tri-O-methyl-D-galactose.
This fraction crystallised on keeping. The crude crystals
were dried in vacuo at 60°C. over phosphoric oxide for 2 hours
and had OMe = U1>3% (calc. for C^H^gOg, hi .9%)•
Demethylation with hydro"bromic ©cid followed by paper
chromatography showed that galactose was the only free sugar
present.
Optical rotation.
'Without drying, [a3p° ♦ 125° (5 min.)f 115° (30 min.),
112° (1 hr.), 10h° (2 hrs. constant)
(c m 1,1 in water)•
After drying in vacuo at 60° C., [o,]^0 + 109° (constant).
Recrystallisation.
The crude crystals were recrystallised from acetone-ether-
light petroleum and gave long white fibres which melted at
56®C. Further recrystallisation did not alter the melting
point.
2:3? h-Tri-O-methyl-a-B-galac to se monohydrate is reported
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(53#50) to have a melting point 75°-80°C. and 2:1+: 6: tri-0-
methyl-a-D-galactose 102°-105°C.(54) •
Methoxyl found on analysis without drying was
OMe = 38.2% (calc. for C^gOg-HgO, 38.7%).
Optical rotation.
[a]^C + 139° (5 min.), 128° (30 min.), 117° (1 hr.), 109° (2
hrs», constant). (c = 1.1 in water).
The optical rotation for 2:3:4-tri-0-methyl-a-D-galsctose
monohydrate is reported (50) to be + 152°-» + 114°» and for
2:4:6-tri-0-methyl-a-D-galectose (54) + 124° -* + 90.4°•
Preparation of anilide (48).
A sample (100 mg.) freed from moisture by heating it at
6C°C. In vacuo was treated with aniline (70 mg.) and alcohol
(5 ml.) and heated under reflux at 100°C. for 5 hours. The
bulk of the solvent was removed by distillation under reduced
pressure and the remaining syrup kept at 0°C. overnight.
The crystals were filtered off, and reorystallisation from
acetone yielded the plate shaped crystals of 2:3:4-tri-0-
rnethyl-H-phenyl-D-galactosylamine m.p. 166°G. „ not depressed
by admixture with an authentic specimen. In admixture with
2:4:6-tri-O-methyl-N-phenyl-D-galactosylamine (m.p. 171°0)
the melting point was depressed to 144°C.
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The mother-liquor crystallised further v/hen kept at 0°C.#
and gave a mixture of plates and needles which had m.p. 143°C.
The needles were probably 2:4:6-tri-^0-methyl-N-phenyl-D-
galactosylamine. It was not succeeded to separate the two
crystalline products either by recrystallisation from acetone
or by flotation (the anilide of 2:3:4-tri-O-methyl-D-galactose
is the denser of the t\^o (57) )•
Practlon 1. 2: li-pi-O-me thyl-D-galac tose.
The colourless syrup crystallised completely, and was
recrystallised from acetone containing 1% of water. The
monohydrate thus obtained had m.p. 102°C.
OMe = 27.1/o (calculated for CgH^O^'HgO, 27.2%).
Optical rotation.
[a]^° + 136° (5 min.), 124° (15 min.), 113° (45 min.),
86° (2 hrs., constant), (c = 1.1 in water).
Preparation of anilide.
A sample of the fraction (50 mg.) was heated with aniline
(50 mg.) in alcohol (2 ml.) under reflux on the boiling water-
bath for one hour. At the end of this time crystals separated
from the hot solution. After cooling, the crystals were
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removed by filtration. Recrystallisation from methyl
alcohol yielded 2:h-di-^C-methy1-N-phenyl-D-ga 1actosy1amine
m.p. 215°C. (decomp.) (50) not depressed "by adraixture with an
authentic specimen.
Fraction ,1. 2-o~ae thyl-D-ga lac tose.
This fraction crystallised in large crystals. The crude
crystals had OMe = 16,1% (calc. for C^H^Og, 16,6%) which
showed that it was a monomethyl hexose.
Examination on a paper chromatogram in the solvent (a)
using a reference mixture of ribose, arabinose, and galactose
showed a brown spot v/hich travelled slightly faster than ribose.
Both i+-0-methyl- and 6-C-methyl-D-galactase would travel slower
than ribose (52).
Recrystallisation from glacial acetic acid yielded crystals
m.p. 1h8°-1/+9°C., not depressed by admixture with an authentic
specimen of 2-0-methyl-D-galactose.
Optical rotation.
[a]^G + 53° (5 min.), 68° (30 min.), 80° (1 hr.),
+ 85° (2 hrs., constant), (c = 0.9 in water).
Preparation of anilide.
A sample (30 rag.) was heated with aniline (30 rag.) in
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alcohol (2 ml.) under reflux on the "boiling water-hath for
1.5 hours. The hulk of the solvent was removed by
distillation. On addition of light petroleum to the remaining
solution the anilide crystallised. The crystals were ranoved hy
filtration and recrystallised from ether-light petroleum to
yield 2-0-methyl-N-phenyl-D-galactosylamine, m.p.l63°C.
Fraction e. 2:3:h-Tri-0-methyl-and 2:5-di-0-methyl-L-arabinose.
This fraction was obtained as a syrup.
OMe = itf.O#, [a]^° + 82° (c = 1.2 in water).
The syrup gave two spots on the paper chromatogram, one
grey (HQ 0.86), and one pink (R& 0.83) using the solvent (h).
The grey spot had a pink fluorescence in ultraviolet light.
An authentic specimen of 2:3:4-tri-0-methyl-L-arabinose
gave a pink spot (R& 0.83) on the paper chromatogram. An
authentic specimen of 2:5-di-0-methyl-L-arabinose gave a grey
spot (Rg 0,86) which had a pink fluorescence in ultraviolet
light. 3s5-Di-O-methyl-L-arabinose gave a brown spot which was
yellow in ultraviolet light.
When the solvent benzene-ethanol-water was used, the grey
spot would travel slower than the pink.
Demethylation followed by paper chromatography (solvent a,b)
gave arabinose together with some faster moving pink spots, the
Rq values of which corresponded to those of 2-0-methyl-L-arabinose,
3:k-di -0~me thyl- # 2: ^-di-0~methyl-, and. 2:3-di-0-methyl-L«-
arabinose (11#52).
Separation on a charcoal-Gelite column.
An attempt was made to separate the mixture on a charcoal-
Celite column according to the method of Llndberg and Wickberg
(55) using linear gradient elution with aqueous ethyl methyl
ketone.
Equal parts of charcoal and Celite were mixed and treated
with conc. hydrochloric acid. The mixture was thoroughly
washed with water# ethanol, and finally with 2.5% aqueous ethyl
methyl ketone, and poured into the column (1.5 cm. x 50 cm.)
as a thick slurry.
The sugar syrup (92 mg.) was dissolved in 2.5% ethyl methyl
ketone (2 ml.) and added to the top of the column. The eluant
was taken from two flasks with the same diameter, containing
500 ml. each of 2.5% and of 5*5% aqueous ethyl methyl ketone.
The fractions (1.5 ml* each) were collected in tubes on the
turntable. Every tenth tube was evaporated to dryness and
examined on a paper chromatogram using the solvent (d). The
tubes containing the same sugars were collected and the solvent
distilled off under reduced pressure.
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Distribution of the sugars
Tubes Identity Weight
10-hO Nothing





Separation using thick paper chromatograms.
The syrupy mixture (U4 rag.) from the charcoal-Celite
experiment was spotted on a thick paper chromatogram (Whatman
No.1, 3 mm.) and run in solvent (d). The side strips were
cut off and sprayed to localise the respective sugars. A
brown spot on the starting line indicated that some methylated
galactose had been present in the syrup.
The zones containing methylated arabinose were cut out
and extracted with cold water to give 2;3:h-1r1-0-methy1-L-
arabinose (11.3 mg.) and 2:5-tri-D-methyl-L-arabinose (20.1 mg.)
after the water had been removed in vacuo.
A syrupy mixture of the two methylated pentoses (270 mg.)
obtained from another cellulose column experiment was separated
on thick paper chromatograms by the method just described.
The water was removed in vacuo over phosphoric oxide to give
colourless syrups of tri-O-raethyl-L—arabinose (111 mg.) and of
di-O-methyl-L-arabinose (154 rag.). A complete separation of
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the two sugars was not obtained which was shown by paper
chromatography.
Tri-O-methyl-L-arabino se frac tion.
This fraction was obtained as a colourless syrup with
[a]p° + 120° (c = 2.2 in water) and OMe = 46.1^ (calculated for
C8H1605, U8.k%).
Dernethylation with hydrobroraic acid and examihation on the
paper chromatogram (solvent a) gave spots of arabinose, trace of
galactose, and some pink spots. The pink spots had EQ values
corresponding to di-0-methyl-L-arabopyranose.
Preparation of phenylhydrazide (74).
The syrup (100 mg.) was oxidised with bromine water at room
temperature for four days. Excess of bromine was removed by
aeration, and the solution neutralised with silver carbonate.
After filtration the arabonic acid was liberated with hydrogen
sulphide gas, and the solution boiled for a few minutes with a
pinch of charcoal. The filtered, clear solution was evaporated
to a syrup under reduced pressure. The syrup was heated in
vacuo at 90°G. for one hour. The phenylhydraside of
2:3:4-tri-0-methyl-L-arabonic acid was prepared by treating the
lactone with phenylhydrazine (150 mg.) first in boiling dry
methanol-ether and then, after removal of the solvent, for
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3 hours at 90°C. The crystalline product of the phenylhydrazide
of 2:3:lj-tri-0-methyl-L-aratoonic acid after rec rys tall isat ion
from alcohol-ether-light petroleum had ra.p. 157°C.
Di-O-methyl-L-arahinose fraction.
This fraction was obtained as a colourless syrup which
failed to crystallise. Paper chromatography showed that it was
admixed with 2:3:h-tri-O-methyl-L-aratoinose •
The aiethcxyl content was OMe = 33*9% (calculated for
18
Cyll^O^, » and the optical rotation was [ct]^ -3°
(c = 1.5 in water).
Demethylation followed "by paper chromatography (solvent a)
gave spots of arabinose, trace of galactose, and one pink spot
with value similar to that of 2:h-di-O-methyl-D-galactose.
This might toe 2-0-methyl-L-aratoinose(52).
Preparation of amide (7k)•
The syrup (100 mg.) was treated with "bromine water at room
temperature for 3 days. The excess of "bromine was removed toy
aeration, and the solution neutralised with silver carbonate.
After treatment with hydrogen sulphide gas, the filtered solution
was concentrated to a syrup under reduced pressure. The
resultant syrup v/as heated at 90°C. in vacuo for 2 hours. The
crude lactone thus obtained was treated with methanolic ammonia
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at 0°G. for kQ hours. Removal of the solvent gave a syrup
which crystallised on keeping. The 2:5-di-0-methyl-L-arabonamide
had ra.p. 131°C. after recrystallisation from alcohol-ether.
Fraction d and Fraction f.
Paper chromatography showed that Fraction d was a mixture of
tetra-O-methyl-D-galactose, tri-O-methyl-, and di-O-methyl-L-
arahinose. Fraction f was a mixture of tri-O-methyl-D-galactose,
and the two methylated pentoses just mentioned. Demethylation
with hydrobromic acid followed by paper chromatography showed
the presence of galactose and arabinose.
Separation of sugars using thick paper chromatograms.
The two fractions d and f were combined (hi mg.) and spotted
on thick paper chromatograms (Whatman No. 1, 3 mm.) prepared
for quantitative work; benzene-ethanol-water solvent was used.
The sugars were localised by spraying the side strips with
aniline oxalate and were extracted from the corresponding sugar
zones with cold water.
Tri-O-methyl-L-arabinose = 11.2 mg.
Di-O-methyl-L-arabinose = 21.6 mg.
Fraction h.
This fraction on a paper chromatogram gave the spots of
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tri-0-methyl-D-galac tose together with some slower travelling
spots. Demethylation with hydrobromic acid followed hy
examination on a paper chromatogram gave a strong spot of
galactose and a faint arahinose spot.
Fraction k. Free sugars ana methylated uronic acid.
The yellow syrup was dissolved in water and treated with
resin Amberlite IR 120 to remove barium ions. The resin was
filtered off and the filtrate evaporated to dryness under
reduced pressure.
When the syrup was examined on the paper chroma togram
using solvent (e) there appeared a cherry spot (RQ 0.8h)
the colour and shape of which were similar to those of a
methylated uronic acid (56). Galactose and arabinose were
also present but in smaller quantities.
Preparation of 2:3:h-tri-O-methyl-L-arabinose.
^-Methyl-arabopyranoside was made according to the method
of Hudson (69)* Arabinose (10 g.) was heated with dry
raethanolic hydrogen chloride (100 ml.; 1.5^) under reflux on
the boiling water-bath (3 hrs.). The solution was neutralised
by silver carbonate in the usual way and concentrated under
reduced pressure. On standing, 3-methyl-L-arabopyranoside
crystallised, and was removed by filtration. The crystals were
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freed from the adhering syrup "by extraction with ethyl acetate
and recrystallisation from alcohol. The product melted at
169°C. and had [o<3q" + 2h5° (c = 0.8 in water).
p-Methyl-L-arabopyranoside was dissolved in water and
given two series of two raethylatlons with sodium hydroxide and
dimethyl sulphate (70). Each series was folloyred by extraction
of the aqueous solution with chloroform and removal of the
chloroform (after drying) under reduced pressure. Removal of
the chloroform after the second series of methylations gave a
pale yellow mobile syrup which gave crystalline 3-methyl-2:3: -
tri-O-methyl-L-arabopyranoside when kept in vacuo over phosphoric
oxide. This compound is soluble in all ordinary organic
solvents (70) and is difficult to recrystallise. The crude
crystals were hydrolysed with N-sulphuric acid and neutralised
with barium carbonate in the usual way. Removal of the water
under reduced pressure gave a colourless syrup, OMe = lt-7.2%,
OA
[a]D + 128° (c = 0.9 in water). Examination on the paper
chromatogram in solvent (b) gave a distinct red spot (R& 0.83)
of 2:3:U-tri-0-methyl-L-arabinose together with some very
faint slower travelling pink spots (caused by under-methylation).
Degraded Polysaccharide.
Fraction A. 2:3:5-Tri-O-methyl-L-arabinose and
2:3:U:6-tetra-O-methy1-D-galac tose.
Paper chromatography showed that this fraction was a mixture
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of the two sugars mentioned above. Demethylation and
examination on a paper chromatogram gave spots of arabinose and
galactose.
The colourless syrup crystallised after it had been
inoculated with a crystal of 2;3?4:6-tetra-D-methyl-D-galactose.
The crystals were removed from the adhering syrup by tiling
and recrystallised from ether-light petroleum to yield crystals
m.p. 69°C.
The crystals (50 mg.) were treated with alcoholic aniline,
the procedure being the same as for the undegraded polysaccharide.
2:3:4:6-Tetra-£-inethyl-N-phenyl-D-galactosylamine m.p. 192°C.
was obtained, showing no depression in melting-point by
admixture with 2:3'k:6-tetra-O-methyl-N-phenyl-D-galactosylamine
from the undegraded product.
The syrup gave on analysis OMe = 52.0% which indicated that
very little of the methylated pentose was present. Tetra-0-
raethyl-hexose requires OMe = 52.5%, and tri-O-methyl-pentose
requires OMe = 48.4% •
Fraction B • 2:3:4:6-Tetra-O-methyl-D-galactose •
This fraction crystallised and was recrystallised from
ether-light petroleum. The crystals melted at 69°C. OMe = 52.8%.
Before the optical rotation was measured the crystals were
dried in vacuo at 60°C. over phosphoric oxide (1.5 hours).
[a]^ + 117° (constant), (c = 1.5 in water) •
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The anilide formation was carried out in the usual way,
and 2:3:4:6-tetra-O-methyl-N-phenyl-D-galactosylamine m.p. 192°C.
was obtained in good yield.
Fraction C. 2:3:4:6-Tetra-O-methy1-D-galaetose and
2s3s4~tri-0-methyl-L-arahinose.
Paper chromatography showed that this fraction was a mixture
of these two sugars. Dernethylation and examination on a paper
chromatogram showed galactose (in quantity) and arabinose.
The syrup (1+3 mg.) was separated on a thick paper chroma togram
(Whatman No.1, 3 mm.) using the solvent (d). Cold water
extraction of the zone containing tri-O-methyl-L-arabinose,
gave after the solvent had been removed 10.1+ mg. of this sugar.
This indicated that three-quarters of this fraction consisted of
2:3:1+: 6-te tra-O-raethyl-D-galac tose.
Fraction D. 2:3i4-Tri-0-methyl-L-ara"binose and
2:5-di-€-me thyl-L-arabinose.
This fraction was obtained as a colourless syrup which failed
to crystallise.
OMe = 1+0.2%, [+ 65° (c = 1.0 in water).
Paper chromatography showed that the syrup was a mixture of
two substances, one giving a pink spot (IlQ 0.83) and the other
a grey spot (R^ 0.86) using the solvent (b).
- 91 -
The syrup (147 rag.) was separated on thick paper
chromatograms (Whatman No.1, 3 ram.) using the solvent (d).
On heavily spotting of the papers it appeared that the syrup
contained some 2:3:4s 6-tetra^-methyl-D-galactose. The paper
strips containing the respective sugars were extracted with
cold water (3 ml.) The water was removed _in vacuo over
phosphoric oxide. A complete separation of the two sugars was
not achieved which was shown afterwards "by paper chromatography.
In some cases streaking on the chromatogram caused that
it was impossible to separate tetra-O-methyl-D-galactose and
tri-^O-raethyl-L-arahinose completely. Some of the tri-O-
methyl-L-arabinose was therefore lost.
Tri-O-methyl-L-arabinose fraction (66.5 mg.) [a]jj + 118°
(c = 0.7 in water), OMe = 46.8?S*
Di-O-methyl-L-arabinose fraction (74.3 mg.), [n]p° - 9°
(c = 0.7 in water), OMe = 33* 8$.
Fraction G.
Paper chromatography showed that this fraction contained
tri-C-methyl-D-galactose together with two slower travelling
sugars. Demethylation and examination on a paper chromatogram
gave spots of arabinose and galactose.
Fraction H, and Fraction I.
These two fractions contained tri-O-methyl-D-galactose
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together with two other components which travelled slower on
a paper ehromatograra. Bemethylation followed by paper
chromatography showed the presence of galactose only.
Fraction K• 2:U-Di-O-methyl-D-galactose.
This fraction crystallised when it was kept in vacuo over
phosphoric oxide. Recrystallisation from acetone containing
1% water gave the monohydrate, m.p. 102°C., not depressed "by
admixture with an authentic specimen of 2:4-di-O-iaethyl-B-
galactose monohydrate.
OMe = 29.9^.
[a]^® + 133° (5 min.), 121°(15 min.), 98° (1 hr.), 86° (2 hrs.,
constant) (c = 1.0 in water).
The anilide was prepared as previously described, m.p. 215°C«
(decomp.) not depressed by admixture with 2jh-di-0-methyl-^I-
phenyl-B-galactosylamine from undegraded product.
Fraction L.
Paper chromatography showed that this fraction contained
2:h-di-0-methyl-D-galactose (mainly) together with some faster
travelling substances. Demethylation followed by examination
on a paper chromatograia gave galactose (in quantity) and
arabinose.
Fraction II. 2-0-He thyl~D~galac to se.
This fraction crystallised and contained OMe = 16.3^. The
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optical rotation was
[a]^9 +51° (5 min.)» 58° (30 rain.)» 70° (1 hr.), 81® (2 hrs.),
84® (3 hrs., constant), (c » 1.1 in water).
The product was recrystallised from glacial acetic acid,
washed with alcohol and gave crystals m.p. 148°-151 °C., not
depressed hy admixture with an authentic specimen of
2-0-methy1-D-galactose (in.p. 149°-153°C.)•
Fraction M. 2:h-Di-P-methyl-D-galac tose and
2-0-me thyl-D-galactose.
Paper chromatography showed that this fraction was a mixture
of 2:4-di-0-methyl-, and 2-0-methyl-D-galactose (in quantity).
The colourless syrup crystallised and had m.p. 130°.
Recrystallisation from glacial acetic acid yielded crystals
m.p. 147°-149°C., not depressed "by admixture with an authentic
specimen of 2-0-methyl-D-galactose.
Fraction P. Free sugars and methylated uronic acid.
This fraction was obtained as a "brown glassy solid. After
two treatments with charcoal it was obtained as a colourless syrup.
Barium ions were removed by shaking the aqueous solution with
resin Amberlite IR120.
Paper chromatogram that was run in the solvent (e) showed a
cherry spot (RQ 0.84) the colour and shape of which were similar
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to those of a methylated uronie acid (56). Galactose
and arabinose were also present.
Fraction F. Tri-O-methyl-D-galactose.
This fraction crystallised when it was inoculated with
a crystal of trithyl-D-galactose from the undegraded
polysaccharide•
Recrystallisation from acetone-ether-li^it petroleum
gave crystals m.p. 53°-,55°C. Further recrystallisation did
not increase the melting point.
OMe = 37.8?5 (calculated C^gOg.HgO, 38.8^).
Optical rotation.
The product was dried in vacuo at 6o°C over phosphoric
oxide for two hours,
[a]^2 + 106° (constant), (c » 1.1 in ?/ater).
When the product was not dried, it showed an optical rotation
[ajJ9 + 134° (5 min.), 122° (30 min.), 113° (1 hr.),
106° (2 hrs., constant) (c = 1.0 in water).
Preparation of anillde.
A sample (100 mg.) was heated with aniline (200 mg.)
in alcohol (5 ml.) under reflux on the boiling water-bath (3 hrs.) .
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The "bulk of the solvent was distilled off under reduced
pressure and the residuum taken up in alcohol. After 24
hours at 0°C., crystals had deposited. They were filtered
off and recrystallised from alcohol to yield the plate shaped
2:3:4-tri-O-methyl-N-phenyl-D-galactosylamine in.p. 164°C.,
not depressed by admixture with an authentic specimen. In
admixture with an authentic specimen of 2:4:6-tri-0-methyl-N-
XJhenyl-D-galaetosylamine (m.p. the melting point was
depressed to 144°C.
After the mother-liquor had "been kept at 0°C. for several
days a new "batch of 2:3:4-tri-0-methyl-N-phenyl-D-galac to-
sylaraine was filtered off, m.p. 164°C. after recrystallisation
from ethyl acetate.
The third hatch of crystals was a mixture of plates and
needles, probably 2:3:4-tri-0-methyl-, and 2:4:6-tri-0-methyl-
N-phenyl-D-galactosylamine. According to Hirst and Jones (57)
is the presence of a small quantity of either admixed with the
other readily detected by microscopic examination,and a
mixture of the two anilides shows a large depression in melting
point.
The mixture of the two anilides after recrystallisation
from alcohol had m.p. 143°C. It was not succeeded to separate
them by flotation (57) •
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Reduction with Potassium Borohydride (72).
2:4-Di-Q-methyl-D-galactose and the tri-O-methyl-D-galactose
fractions from undegraded and degraded polysaccharides were
reduced to the respective methylated galactitols by means of
potassium borohydride. The sugar (200 mg.) was dissolved in
water (10 ml.) and a solution of potassium borohydride (60 mg.)
in water (5 ml.) added. After 14 hours the excess of potassium"
borohydride was destroyed by glacial acetic acid, and the
solution was delonised by passing it through columns of the resins
Amberlite IRA-400 and Zeo-Karb 225« The water was distilled off
under reduced pressure to leave a crystalline residuum, yield
about 50%.
The galactitols were recrystallised from alcohol-light
petroleum to give white fibrous material.
2:4-di-0-methyl-D-galactitol, m.p. 133°-134°C.
+ ^6° (c B 0.3 in water).
2:3:4-Tri-0-faethyl-D-galactitol (in quantity) admixed with
2:4:6-tri-0-methyl-D-galactitol, m.p. 119°G. [a]^° + 6°
(c = 0.8 in water).
The Estimation of Formaldehyde liberated during the Oxidation
of the Methyl Ethers of Galactitol with Periodate (73) •
Bell (71) has shown that some methylated sugars are oxidised
slowly by periodate and the quantities of formaldehyde
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are considerably "below theoretical. In this work 2:4-di-0-
methyl-D-galactitol was found to produce theoretical amounts of
formaldehyde, though the oxidation was slower than it was for
glucose.
The molecular proportions of 2:3:4-, and 2:4:6-tri-0-methyl-
D-galactose in the tri-O-methyl-D-galacto3e fractions were
estimated by means of the formaldehyde i>rodueed during the
oxidation of the reduced sugars with periodate. The method of
0*Dea and Gibbons (73) was used. As standard substance was
used 2:4-di-0-methyl-D-galactitol assuming that this substance
would be oxidised in the same manner as 2:3:4-tri-O-methyl-D-
galactitol. The crude substances obtained after the reduction
were not recrystallised before they were oxidised.
The methylated hexitols (5-15 nig.) after drying _in vacuo
at 60®C, (2 hours) were dissolved in water and diluted to 100
ml, in a standard flask. One volume of this solution was added
to freshly prepared periodate - bicarbonate solution (1 vol,)
and oxidised in the dark. At intervals a sample (1 ml,) was
withdrawn, and pipetted into lead dithionate solution (10?5;1 ml.)
in a centrifuge tube. After mixing and centrifuging, a portion
(1 ml.) of the supernatant liquid was withdrawn, placed in a
second centrifuge tube, and chromotropic acid (9 ml.) was added.
The mixed reagents were allowed to stand for 30 minutes; the
lead sulphate was removed by centrifugation and the supernatant
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fluid transferred to a glass-stoppered tube and heated in the
"boiling water-bath for 2+0 minutes. The side of the tube was
cooled by a eoll condenser. All the operations were carried
out away from direct light. A blank was run each time, only
omitting the methylated hexitol. The absorption, using an






di-me thyl-galac tito1 5.73 0.092+
If ft If 9* Ok 0.153
ft ft If 13.02 0.221
tri-methyl-galac tito1 6.80 0.103
(undegraded) 9.10 0.136
H tt ft 13.82+ 0.208
tri-methyl-galactito1 7.2+7 0.106
(degraded) 10.18 0.12+3
tt If ft 15.52
_ .
0.218
The oxidation was complete after 2-2+ days, depending on
the amount of material to be oxidised.
The reading (corrected for blank) was plotted against the
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concentration of the solution ( p. moles/100 ml., w/v), and the
molecular proportions of 2:4:6-tri-O-methyl-, and 2:3:^-tri-
G-raethyl-D-galactose read from the curves. The ratio was











The object of this research was to investigate e-galactan
:fr>om barix decidua by means of methylation studies and periodate
oxidation with the application of the modern technique of
partition chromatography to the separation of the sugars and
their derivatives.
Concurrently with the work on the original e-galactan there
was carried out an investigation of a degraded e-galactan. The
degraded polysaccharide was prepared by Dr. ^.K.N. Jones,
Bristol, by giving the original polysaccharide two treatments
with boiling 0.01N-hydrochloric acid (1.5 hours). The degraded
polysaccharide was recovered from the solution after neutral¬
isation by precipitation with alcohol. Dr. Jones (10) has
investigated the hydrolytic products which were left in solution.
He found arabinose, galactose, one unidentified pentose containing
oligosaccharide, one unidentified hexose containing disaccharide,
and the disaccharide 3-0-p-L-arabopyranosyl-L-arabinose.
The undegraded and the degraded polysaccharides were pale
yellow hygroscopic powders, readily soluble in water. They
both had an optical rotation [a-]D + 19° (approximately) in water.
The aqueous solutions were red-brown and dark which made it
difficult to get distinct polarimeter readings except for very
dilute solutions.
The polysaccharides were completely hydrolysed by N-sulphuric
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acid at 100°C. The amounts of arabinose and galactose produced
on hydrolysis were estimated "by quantitative paper chromatography.
The sugars were oxidised with sodium meta-periodate and the
liberated formic acid titrated with O.OIN-sodium hydroxide. The
undegraded polysaccharide contained 11.9% araban and 8h*9%
galactan which are in general agreement with results obtained by
other workers (18,25,27*35)• The degraded polysaccharide
contained 8,0F% araban and 88,3% galactan; similar results are
obtained by Heidelberger (35,36) •
On partial hydrolysis of the polysaccharide with 0.01N-
sulphuric acid at 100°C., galactose and arabinose were found among
the hydrolysis products. There were also some oligosaccharides,
one of which had an value on the paper chromatogram
corresponding to that of 3-0-P~L-arabopyranosyl-L-arabinose.
That this disaccharide did not arise by resynthesis was shown by
hydrolysis of the polysaccharide with 0.5N-sulphuric acid at 100°C.
After hydrolysis for one hour the disaccharide appeared on the
paper chromatogram, but it disappeared on prolonged hydrolysis.
During the hydrolysis with 0.01N-sulphuric acid the degraded
polysaccharide was recovered at intervals by precipitation in
alcohol. The amount of arabinose and galactose was estimated
by quantitative paper chromatography. After 16 hours hydrolysis
the araban remaining in the polysaccharide was 1.2%,, The backbone
of the polysaccharide was evidently attacked during the hydrolysis
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since galactose as well as arabinose was liberated. The weight
of the degraded polysaccharide which was recovered at different
stages decreased rapidly with each hydrolysis. When the araban
content of the remaining polysaccharide had reached such a low
value as 1.2$, only small quantities of the polysaccharide could
be recovered by precipitation from the aqueous solution by the
addition of alcohol.
Methylation studies.
The most important method in determining the constitution
of a polysaccharide is the methylation and the examination of
the cleavage products obtained on hydrolysis. The polysaccharides
were completely methylated by three series of five methylations
each with dimethyl sulphate and sodium hydroxide in an atmosphere
of nitrogen. The purified methylated polysaccharides both
contained OMe = and had an optical rotation [ a,]^ - k9°
(chloroform). The low optical rotation of the methylated
product indicated that the galactose units were (3-linked.
The araban (calculated as dimethyl araban) present in the
methylated products was estimated by distillation with 12$
hydrochloric acid and the furfural in the distillate precipitated
with phloroglucinol. The methylated undegraded polysaccharide
contained 5«2$ dimethyl araban, and the methylated degraded
polysaccharide contained U.1$ dimethyl araban. These results
were in agreement with the amount of the dimethyl ethers of
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arabinose obtained after the methylated polysaccharides had
"been hydrolysed and separated into their respective components.
An attempt was made to fractionate the methylated
polysaccharides into fractions of different araban content "by
the solution method using chloroform and light petroleum. The
precipitation method was also tried where the methylated product
was precipitated from acetone solutions with light petroleum.
The fractions achieved had similar araban content which showed
that no significant fractionation had taken place. The same
results have been reached in Japan by Tachl and Yamaraori (2?) when
they investigated an arabogalactan from Japanese larch.
Neither the two Japanese workers nor the writer managed to repeat
the successful fractionation carried out by Campbell, Hirst
and Jones (18) on the methylated galactan from European larch.
The completely methylated polysaccharides were hydrolysed
first at room temperature with 2N-sulphuric acid. The solution
was diluted with water, and the hydrolysis continued at 100°C.
with N-sulphuric acid.
After complete hydrolysis the solution was neutralised with
barium carbonate, filtered, and concentrated in vacuo to give a
pale yellow syrup of the free methylated sugars.
Preliminary examination on the paper chromatogram of the
mixture of methylated sugars showed that they had RQ values
corresponding to the following sugars, tri-0-methy1-L-erabo-
furanose, tetra-0-methyl-D-galactose, di-O-raethyl-L-arabofurano se,
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tri-0«*ne thy1 -L-arabopyrancse, tri -0-raethy1-, di-0-me thyl- s
and mono-Q-methyl-S-galactose, together with traces of
unmethylated arahinose and galactose, and an unknown methylated
uronic acid.
The hydrolysis products were separated on a column of
powdered cellulose which provides the most convenient and
rapid method of separating mixtures of monosaccharides or their
methylated derivatives on a macro scale.
Since the preliminary examination "by paper chromatography
had shown that the differences in values of the more
methylated sugars were small, a complete separation of these
constituents was not achieved.
The major part of the mixture consisted of 2:3:4:6-tetra-
0-rae thyl-D-galac tose, tri-O-methyl-D-galactose, and 2:4-di-0-
methyl-D-galactose found in approximately equimolecular
proportions for both polysaccharides. They were characterised
as the respective anilides.
The tri-0-me thyl-D-galac to se fraction, however, presented
a difficult separation problem. Galactose was the only free
sugar which could be detected on the paper chromatogram after
demetiiylation. Paper chromatography of the fraction indicated
that it could be either 2:3;4-tri-O-methyl-D-galactooe or
2:4:6-tri-O-methyl-D-galactose, or it might be a mixture of both
because they have similar RQ values (solvent a)(52). The
methoxyl content of the fraction (OMe » 38;*) showed that the
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monohydrate of the tri-0-methyl-3)-galactose was present.
The low melting point (56°C.) which, however, was not
altered by recrystallisation, indicated that this fraction was
a mixture. The tri-0-methyl-D-galactose fractions from the
undegraded and degraded polysaccharides had final optical
rotations [a]^ + 109° and [ct]^ + 106° (in water) respectively.
The rotation value showed that the fractions could neither be
pure 2:3:4-tri-O-methyl-D-galac to se nor pure 2:1+: 6-tri-0-methyl-
D-galactose while the following values are reported for these
sugars:
2:3:4-tri-0-methyl-a-D-gaIactose monohydrate ra.p. 75-80°C.,
[a]D + 152°-> +111+° (50,53),
2:4:6-tri-0-raethyl-a-D-galaetose m.p. 102°~1Q5°C.,
[a]D + 124°~* + 90° (54).
Preparation of the anilide gave first pure 2:3:2+-tri-0-
raethyl-H-phenyl-D-galactosylamine in good yield. The mother-
liquor crystallised further to yield the plate shaped crystals
of this anilide in admixture with some needles which were
detected by microscopic examination. The needles were probably
2:4:6-tri-0-methyl-N-pheny1-D-ga1actosy1amine (57). It was not
possible to separate the two anilides, and the mixture of the
two differently shaped crystals showed the same depression of
melting point as a mixture did consisting of the authentic
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specimens of 2:3:4- and 2:4:6-tri-O-methyl-N-phenyl-I)-
galactosylamine•
The value of the equilibrium rotation was lowest for the
tri~3-methy1-B-g&lactose fraction from the degraded polysaccharide
which indicated that this contained more 2:4:6-tri-0~a«ethyl-D-
galactose than the tri-O-raethyl fraction from the original
polysaccharide#
Standard solutions of the two methylated sugars were spotted
on paper chromatograms and run in a number of different solvents,
"but it appeared that the two compounds had the same rate of
movement and could not he separated hy this method. Electro¬
phoresis on paper was tried, hut gave the same result as paper
chroma tography.
Unsuhstituted sugars will on oxidation hy periodate produce
one mole of formaldehyde from the primary alcoholic group at
carbon C6. When the hydroxyl group at carhon C6 is substituted
the production of formaldehyde cannot take place. If 2:3:4-
tr thyl-D-galac to se had produced theoretical amounts of
formaldehyde during the oxidation hy periodate an application
of this method would make it possible to estimate the relative
proportions of 2:3:4-1ri-0-me thyI- and 2:4:6-tri-O-methyl-D-
galactose in a mixture of the two sugars. Bell (71) has shown,
however, that some methylated sugars, among others are 2:4-di-0-
methyl-D-galactose and 2:3:4-tri~0-methyl-D-glucose, are oxidised
very slowly and produce less than theoretical quantities of
- 107
formaldehyde. In the present work the methylated sugars were
accordingly reduced "by potassium "borohydride to the respective
methylated hexitols In order to open the oxygen bridge in the
sugar molecule, 2;h-Di-0-methyl~D-galactitol was found to
produce theoretical amounts of formaldehyde on oxidation by
periodate. This di-<j-methy1-hexltol (which was available from
2:h-di-O-methyl-D-galactose from the methylated polysaccharide)
was used as a standard substance assuming that it would be
oxidised in the same manner as 2:3:U-tri-0-methyl-D-galactitol.
The molecular proportions of 2:U:6-tri-0-methyl- and 2:5-h-
tri-O-methyl-D-galactose were found to be approximately 1:16 in
the undegraded and 1:8 in the degraded polysaccharide.
Besides tetra-, tri-, and di-O-methyl-D-galac to se there
were small amounts of 2-0-methyl-D-galac to se. This sugar was
characterised by its rate on a paper chromatogram where it moved
faster than ribose (solvent a). The identity was further
confirmed by the melting point which showed no depression when
mixed with an authentic specimen of 2-0-me thyl-D-galac to se.
The undegraded polysaccharide contained more of this fraction
than the degraded.
The arabinose constituent of the polysaccharide was found
mainly as 2:S-di-0-methyl- and 2:3:U-1ri-0~raethyl-L-arabinose.
There was also some 2:3:5-tri-<0-methyl»L-arabinose present, but
this fraction was too small to be examined and could only be
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characterised on the paper chroma togram "by its rate of movement
and its grey colour after spraying with aniline oxalate. 2:5-Di-
Q~methyl-L-arabinose gave the same grey spot (pink in ultraviolet
light) after spraying and it was easy to distinguish "between this
sugar and the other di-0-methyl ethers of arabinose. 3;5-Bi-O-
raethyl-L-arabinose had the same rate of movement but gave a brown
colour (yellow in ultraviolet light) with aniline oxalate.
The di-O-methyl-L-arabopyranoses travelled more slowly and gave
a pink colour with aniline oxalate. 2:3:h-Tri-^-methyl-L-
arabinose gave also a pink colour, and the rate of movement of
this sugar was more slowly than that of 2:5-di-O-methyl-L-
arabinose in most solvents except for benzene-ethanol-water.
The fraction containing 2:5-di-0-methyl- and 2:3:h-tri~0-
raethyl-L-arabino se was obtained as a syrupy mixture of the two
sugars. They were separated on thick paper chromatograms, but a
complete separation of the two sugars was not achieved due to
streaking.
The optical rotation of the tri-O-methyl-L-arabinose fraction
was [a]p + 120° (water). The arabonolactone obtained after the
sugar had been oxidised with bromine was converted into the phenyl-
hydraside.
The di-0-methyl-L-arabinose fraction had a negative solution.
The fraction obtained from the degraded polysaccharide was
probably the most pure and had [&]jj -9° (water). The sugar was
oxidised with bromine and the 2:5-di-O-methyl-L-arabonamide
prepared.
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2:3:4-Tri-0-raethyl-L-ara"bino3e and 2:5 -di-G-me thyl-L-
arabinose were found in the molecular ratio 1:1.5 for undegraded
and 1s1 for degraded polysaccharide.
?/hen Jones (10) isolated the disaccharide 3-Q-&-L-arabo-
pyranosyl-L-arabinose after partial hydrolysis of larch galactan
he obtained 2:3:4-tri-0-methyl- and 2:h-di-0-methyl-L-arabinoae
after raethylation and hydrolysis of the disaccharide. He
suggested, however, that it existed in the polysaccharide as
3-0-p-L-arabopyranosyl-L-arabofuranose, and the result from the
present work confirmed that;there might even in some cases have
been two arabofuranose units attached to one arabopyranose unit,
Ap1 - 3Af1 - 3Af1 - Ga - (Ap « arabopyranose residue, At =
arabofuranose residue, Ga «= galactopyranose residue), because
the undegraded polysaccharide contained more of di-O-methyl-L-
arabinose than of tri-_0-methyl-L-arabinose.
The last fraction which was collected from the cellulose
column consisted of a mixture of free sugars and a methylated
uronic acid. These constituents were only examined on the paper
chromatogram, and because of the small quantities it is doubtful
whether they are of structural significance.
The quantities of methylated sugars which were isolated
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Tetramethyl-galactose 5*0 xaoles"*^ 5.7 moles"^
Triraethyl-galac to se k.k k.9
Dimethyl-galac to se 5*8 5.2 "
Monome thy1-galac to se 1*3 1.1 "
Dimethyl-arabinose 0.8 " 0.5 "
Trimethyl-arabinose 0.5 " 0.5 tt
Methylated uronic acid ca. 2/6 ca. 2%
Periodate oxidation.
Sugar derivatives containing hydroxy! groups on each of
three adjacent carbon atoms are oxidised by salts of periodic
acid with the formation of one mole of formic acid and the
consumption of two moles of periodate. Sugars containing
hydroxyl groups on each of two adjacent carbon atoms will not
produce any formic acid during the oxidation but ivill consume
one mole of periodate (58). By measuring the amount of formic
acid liberated and the consumption of periodate during the
- 111 -
oxidation of the polysaccharide "by the periodate ion, one will
obtain valuable information about the fine structure of the
polysaccharide*
Undegraded and degraded e-galactan were oxidised by the
periodate ion, and the periodate consumption and the formic
acid liberated ?/ere estimated by titration. After 25 hours
there were released 3 moles of formic acid and consumed 7*7 moles
of periodate per repeating unit of mol. wt. 1101+ for undegraded
and mol. wt. 1060 for degraded polysaccharide. After this
time the amount of formic acid liberated increased slowly and
was constant after 360 hours, when i+ moles of formic acid had
been liberated. The amount of periodate consumed was 8 moles
for undegraded and 8.5 moles for degraded polysaccharide.
Brown, Bunstan, e_t al. (31+) reported they had found three
end groups per repeating unit of mol. wt. 1102+.
The fourth mole of formic acid liberated might be due to
over-oxidation, but taken in conjunction with the methylation
studies where there were found about equimolecular proportions
of 2:3:4:6-tetra-0-methyl-, 2:3ih-tri-B-methyl-, and 2:l+-di-0-
methyl-D-galactose, the results obtained after 360 hours
oxidation seem to be most correct.
After the oxidised material had been dialysed and
hydrolysed, galactose and arabinose were found on the paper
chromatogram. The fact that arabinose was present in the
- 112 -
oxidised material was in agreement with the result from the
methylation studies. It appeared from these observations that
arabinose cannot be present entirely as end groups in the
polysaccharide as has been suggested by White (32) for the
arabogalactan from Western larch.
The methylation studies revealed the fact that the main
portion of the polysaccharide was built up from galactose units
giving 2:3:4:6-tetra-0-methyl-, 2:3:4-tri-0-methyl-, and
2:4-di-0-methyl-I)-galactose in about equimolecular proportions.
This indicated that the backbone of the polysaccharide might
consist of galactose units linked either through carbon C1-C3,
or through carbon C1-C6, or through carbon C1-C6 and through
carbon C1-C3* Some of the simplest possibilities are shown
in the following formulae,
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Gal » P-B-galactopyrcmcse residue.
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Perlodate oxidations of the polysaccharides (i) and (II)
would leave the main chain[- 3 Gal 1-3 Gal 1 - J or
[- 6 Gal 1-6 Gal 1 -] unattacked, while in the polysaccharides
(III) and (IV) the side chains as well as the sugar residues
in the main chain would he oxidised by the periodate ion.
In order to try to get some further insight into this
problem the perlodate oxidised polysaccharide was degraded by
the method of Barry (63*66).
Barry (61) found that the glycosidic linkage in perlodate
oxidised starch was readily opened by treatment with phenyl-
hydrazine acetate under mild conditions. Such 1:4 linked
periodate oxidised polysaccharides where the carbon chain in
each sugar unit is ruptured between carbon atoms C2 and C3 are
completely degraded by Barry's method giving the osazones of
glyoxal and erythrose. The method may also be used to bring
about a regulated degradation of 1t3 linked polysaccharides
where the oxidised terminal units are completely removed by
phenylhydrazine.
Barry (62) has also shown that periodate oxidised
polysaccharides fora polymeric condensation products with
phenylhydrazine, isonicotinoylhydrazide or seraigarbazide.
Many polysaccharides contain both sugar residues which are
oxidised by periodate and residues which do not contain u-glycol
groups and, therefore, are not oxidised. Since the latter are
usually in the inner part of the molecule, the application of
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the Barry reaction to the periodste oxidised materials should
leave the unoxidised portions as polysaccharide in many cases.
Periodate oxidised larch galactan was degraded "by phenyl-
hydrazine acetate followed by periodate oxidation, another
degradation, and finally again oxidised by periodate. The
products were isolated at different stages, hydrolysed, and
examined for galactose and arabinose. Galactose and arabinose
were present; the amount of arabinose decreased after each
oxidation.
In another experiment the ether soluble fragments obtained
after the first Barry degradation were separated on an alumina
column and examined by means of circular paper chromatography.
The osazones of glyoxal and glyeerose were obtained crystalline.
The osazones of arabinose and galactose were found on the
circular paper chromatogram. The water soluble part which
consisted of the remainder of the polysaccharide was partially
hydrolysed with Q.5N- sulphuric acid. Examination on the paper
chromatogram showed that arabinose and galactose were among the
hydrolysis products together with a hexose containing disaccharide.
This might be an indication that the backbone of the polysaccharide
has a structure that was indicated by the formulae (I) and (II).
It has been suggested (1a) that the situation here is not unlike
that in the xylan group where larger or smaller proportions of
L-arablnose residues may be attached to a basal structure composed
of xylose residues (see p.h).
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But the structure of larch galactan is probably more
complicated since 2:3:5-tri-O-methyl-, 2:5-di-0-methyl-, and
2:3:h-tri-0-methyl-L-arabinose as well as 2-0-methy1-D-galaetose
were found among the hydrolytic products of the methylated
polysaccharide. The larger amount of 2:h:6-tri-O-methyl-D-
galactose in the degraded polysaccharide indicated that a galactose
residue linked through C3 had also had a sugar residue attached
to carbon C6, but the latter was removed during the partial
hydrolysis.
Another evidence for the presence of 1:3 linkages in
the main chain of the polysaccharide is the presence of
galactosasone after the Barry degradation. This might have been
produced by a reducing end group linked through carbon 03 to






























































The formation of the osaaone of arahlnoae was probably
caused by hydrolysis with acetic acid# Furanose units are
easily hyclrolysed by carboxylic acids at 100°C.































About one-third of the D- galactose residues were triply
linked through carbon C1, C3» and 06, and one-third were double
linked through carbon C1 and C6 (in a few cases through C1 and
C3 we know with certainty from the presence of 2:U!6-tri-0-methyl-
D-galactose). It appears that D-galactose favours the 1:3 and
1:6 type of linkage which is typical of its occurrence in several
plant gums (12).
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As for the arabinose units it appeared that they must he
attached to galactose residues in the parent polysaccharide.
The relative proportions of 2:3jh-tri-0-methyl-L-arabinose and
2:5-di-O-methyl-L-arahinose together with the absence of raono-O-
methyl-L-arabinose made it certain that there cannot exist a
pure arahan. The work by Heidelberger (35*36) showed the same
when no fractionation of the polysaccharide took place on the
precipitation of antibody in Type XIV antipneumococcal horse sera.
It is possible that the situation here is not unlike that in the
xylan group. The high proportion of araban in wheat-flour
araboxylan could for example not be altered by fractionation and
structural investigations showed that all arabinose residues
were attached as end groups to the xylose residues in the parent
polysaccharide. On the other hand araboxylan from Esparto
grass can be fractionated into one pure xylan and one araboxylan.
As in the case of larch galactan it seems that we have to
deal with a large group of polysaccharides with very similar
main-chain structures but with very varied proportions of side
chains. It appears from the present results that arabinose can
exist in the polysaccharide either as terminal single arabofuranose
residues, or as terminal arabopyranose units linked to one or
two arabofuranose residues. It is not possible to formulate a
unique structure for s-galactan, but the large amount of end group
sho\ved that the molecule must be of the highly branched type.
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From the present results it is difficult to distinguish "between
structural formulae such as (I) and (II), and the main chain
may even consist of alternating 1*3 and 1s6 linkages as in
formula (IV) "but with a side chain attached to each galactose
unit. But a closer investigation of the carbohydrate material
left from the Barry degradation may help to clear this up.
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SUMMARY
The water soluble polysaccharide s-galactan was
prepared at Forest Products Research Laboratory* Princes
RiBborough, Bucks., by water extraction of sawdust from
European larch. The polysaccharide was a pale yellow
hygroscopic powder with optical rotation in water [aj^+190
(approximately). e-Galactan contained 8k»9% galactan and
11.9yj araban estimated after complete hydrolysis.
On mild hydrolysis of e-galactan there was obtained
a degraded polysaccharide with similar physical properties
to those of the original sample. The degraded larch
galactan was also a pale yellow hygroscopic powder, easily
soluble in water with an optical rotation [a]D+19°. It
contained 88.% galactan and 8,0fa araban.
Attempts to prepare a galactan free from arabinose
failed because galactose and hexose containing polysaccharides
were liberated during the hydrolysis.
On treatment with sodium meta-periodate larch galactan
consumed 8 moles of perlodate and liberated h moles of formic
acid per repeating unit of mol. wt. 110h- Similarly degraded
larch galactan consumed 8 moles of periodate and liberated k
moles of formic acid per repeating unit of mol. wt. 1060.
Hydrolysis of the periodate oxidised polysaccharides showed
that both contained galactose and arabinose.
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5. The periodste oxidised larch galactan was degraded
with phenylhydrazine in acetic acid hy the method of Barry*
Among the degradation products were detected glyoxalbisphenyl-
hydrazone, glycerosazone, and traces of the osazones of
arabinose and galactose. The remaining carbohydrate material
gave arabinose, galactose, and a hexose containing
disaccharide on partial hydrolysis.
6. The polysaccharides were converted into the respective
methyl ethers. The methylated products were subjected to
fractionation but it was not possible to obtain distinct
molecular species by this method.
7. Methylated s-galactan gave on hydrolysis 2:3:U:6-tetra-
0-methy1-D-g&lactose (5 moles), tri-O-aiethyl-L-galactose
(2+ moles) , 2: h-di-O-me thy1-D-galac to se (6 moles), 2-0-methy1-
D-galactose (1 mole), 2:3:5-tri-O-methyl-L-arabinose (trace),
2:5-di-O-methyI-L-arabinose (0.8 moles), 2:3:^-tri-0-methyl-
L-arabinose (0.5 moles), methylated uronic acid (ca. 2$).
Methylated degraded e-galactan gave on hydrolysis
2:3;U:6-tetra-O-methyl-D-galactose (6 moles), tri-O-methyl-
D-galactose (5 moles), 2:4-di-0-methy1-D-ga1actose (5 moles),
2-0-rae thy1-D-galac tose (1 mole), 2:3:5-tri-0-methyl-L-
arabinose (trace), 2:5-di-O-methyl-L-arabinose (0.5 moles),
2:3:4-tri-0-methyl-L-arabinose(0.5 moles), uronic acid
(ca. 2$).
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8. Evidence was found that the tri-O-methyl-D-galactose
fraction was a mixture of 2:4:6- and 2:3:4-tri-0~methyl-D-
galactose, the latter heing preponderating. A method was
worked out to estimate the proportions of the two methyl
ethers in mixture.
9* It is concluded from these results that s-galactan
from European larch is a highly "branched arabogalactan, and
the possible molecular structures have been discussed.
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